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Some Effects of Long-continued Estrogen Treatment 


on Male Dutch Rabbits* 


Howarp A. Bern, Pu.D.T 


(From the Department of Zodlogy, University of California, Los Angeles 24, California) 


That estrogen can play a role in tumorigenesis 
is a well-established fact (20-22). The observed 
role of continuous dosage with estrogen for long 
periods in the induction of genital and extra- 
genital fibroids in the guinea pig (31), along with 
the production of fibromyoepitheliomas of the 
utricular bed of the prostate (33), have led us to 
conduct similar experiments in male Dutch rab- 
bits. The production of abdominal fibroids is evi- 
dently a specific reaction of the guinea pig; such 
tumors are not obtained in rats, mice, or monkeys 

(32). 

The literature is replete with studies on the ef- 
fects of estrogen on male sex accessories. Much of 
the earlier work has been summarized briefly by 
Moore (35) and Allen, Hisaw, and Gardner (1) 
and extensively by Gardner (20), Zuckerman (39), 
Burrows (8), Emmens and Parkes (16), and .Bern 
(2). The extremes of fibromyotropic and epithelio- 
tropic effects on the male sex accessories due to 
estrogen have been described in the mouse (4, 14, 
28), in the rat (26), in the dog (15, 24), in the 
guinea pig (10, 33), in the monkey (36, 40), in the 
ground squirrel (38), and in the opossum (9). How- 
ever, only Lipschiitz ei al. (33), using the guinea 
pig, reported extensive prostatic fibromyoepithe- 
liomas as a result of uninterrupted exposure to 
subcutaneously implanted estrogen pellets (for 7 
to 11 months). 

The rabbit has only occasionally and incom- 
pletely been considered in work on the effects of 
estrogen in the male. In Zuckerman’s very exten- 
sive 1940 review of the histogenesis of tissues sens!- 

* Aided by a Research Grant from the University of Cali- 
fornia Board of Research. 


+ Present address: Department of Zotlogy, University of 
California, Berkeley 4, California. 


tive to estrogens (39), no reference is made to the 
accessories of the male rabbit. Lacassagne (29, 30) 
first noted the “‘pseudohermaphroditic”’ appear- 
ance of the intact male rabbit after estrogenization 
and described atrophy of the testis and hyper- 
trophy of the epididymis and vas deferens. Frazier 
and Hu (18) indicated some of the extreme effects 
of estrogen in intact rabbits, without including 
histologic description. Their photographs clearly 
show a decided hypertrophy of the caudal epididy- 
mis and the seminal vesicle. The reactions of the 
rabbit seminal vesicle to estrogen have been stud- 
ied in some detail by Deanesly (13), who incorrect- 
ly considered the gland to be a uterus masculinus, 
and by Jost (25). 

Since the beginning of the study reported here- 
in, the paper of Chevrel-Bodin and Leroy (12) has 
become available, and our data as reported below 
are in part confirmatory of the French workers’ re- 
sults. We were particularly concerned with any 
evidence of possible tumorous growths in rabbits 
subject to continuous estrogenization for almost 
2 years. 


MATERIALS AND METHODS 


Twelve male Dutch rabbits were used in this 
study, ranging in age from 11 to 42 months at time 
of sacrifice. They were kept on a diet consisting of 
standard commercially prepared pellets, supple- 
mented by greens and/or carrots once or twice a 
week, and cod-liver oil poured over the food pellets 
once a week during the latter half of the experi- 
ment. 

Three of these rabbits (21, 24, and 30 months of 
age, averaging 2.9 kg. in weight at time of sacrifice) 
served as intact controls. These rabbits showed ac- 
cessories no different from those of numerous 
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younger Dutch rabbits employed as controls in 
other studies (2) with one exception: the prostates 
of the older animals were characterized by very 
large numbers of corpora amylacea, some of them 
huge and irregular in shape. 

Five of the experimental rabbits were bilaterally 
castrated at the beginning of the experiment; one 
was unilaterally castrated, unilaterally crypt- 
orchid; and three remained intact. Castration was 
performed through the scrotum, and the entire 
epididymis was removed with the testis. Weighed 
pellets of estradiol dipropionate were implanted 
subcutaneously on the inner surface of the right 
thigh by means of an incision or by a trochar, and 


genization was being maintained. It is possible 
that palpability is not a good criterion for mainte- 
nance of hormone supply, inasmuch as Geist, 
Walter, and Salmon (23) have shown that a thick 
avascular capsule is formed around subcutaneous 
pellets of a-estradiol and a-estradiol benzoate in 
man, which reduces absorption to practically nil 
after 3 months. However, in our rabbits, external 
signs (nipples, penis, dewlap) indicated that estro- 
genization was being continued as long as the pel- 
lets were present. 

Any tissues suspected of pathologic changes, 
along with the entire urogenital tract, were fixed 
in Bouin’s fluid and routinely dehydrated. Sample 


TABLE 1 
RESPONSE OF MALE RABBITS TO LONG-DURATION ESTROGENIZATION 


SEMINAL VESICLE 


DuRATION Ma. Es- Maxi- 
AGE AT OF TREAT- TRADIOL Extent and F ibromuscu- mum 
SACRIFICE CONDITION MENT DIPROPIONATE _ thickness of lar thick- width 
ANIMAL NO. (MONTHS) OF TESTES (Days) ABSORBED metaplasia (u) ness (u) (mm.) REMARKS 
NC-31 21 RE oman! Farr" 0 730 4.2 
NC-32 24 eee rrr rare ere 0 630 5.9 
NC-30 30 PE. aicuau + Geen waeus 0 750 5.1 
EST-6 12 Castrate 159 4.6 Complete: 60 1230 20.1 
EST-3 11 Intact 191 8.7 Patches: 40 1250 12.9 
EST-8 21 Castrate 435 19.3 Complete: 60 2000 14.8 Proliferative lesions and 
prefibroma in vas 
EST-7 22 Intact 444 16.6 Complete: 45 2040 12.0 
EST-9 29 Unilateral crypt- 466 18.7 Patches: * 1660 18.7 Proliferative lesions in 
orchid epididymis and vas 
EST-4 24 Intact 582 29.1 Complete: 130 1370 15.2 Rectum hypertrophy; 
epididymidal fibroma 
EST-2 42 Castrate 609 22.1 Complete: 35 1920 11.0 
EST-5 Q7 Castrate 632 29 .3 Patches: * 8457 33.0 
EST-1 25 Castrate 633 34.9 Complete: 110 1740 18.1 Rectum hypertrophy; 


* Too irregular to measure. 
t Seminal vesicle enormously distended with secretion. 


new pellets were added from time to time. Toward 
the last half of the experiment a-estradiol pellets 
were used in place of the ester, but the recorded 
total hormone absorption shown in Table 1 is com- 
puted by converting the weight of the a-estradiol 
absorbed to the equivalent dipropionate ester 
weight. 

The animals were 4 to 7 months of age at the 
time that pellets were first implanted, with one 
exception, EST-2, which was 22 months old. In 
castrates, pellets were implanted at the time that 
the testes were removed. All experimental rabbits, 
except EST-3 and EST-6, which died after 191 and 
159 days of treatment, respectively, and EST-4, 
which had a paralyzed right leg, were in good con- 
dition at time of death. 

New pellets were implanted when the old pel- 
lets were still slightly palpable. It was felt that as 
long as the pellets were distinctly palpable, estro- 


proliferative lesions in 
vas 


sections of the several organs were cut at 6 uw and 
stained with hematoxylin and eosin. The basis for 
the nomenclature of the several accessories em- 
ployed herein has been discussed previously (3). 


RESULTS 


External appearance.—External evidences of 
feminization were prominent in all estrogenized 
animals. These included (1) enlargement of the 
mammae and nipples, including the production of 
a watery milk; (2) transformation of the penis into 
a vagina-like (hypospadic?) canal and reduction or 
disappearance of the scrotal sacs; (3) appearance 
of a prominent, characteristically female, ruff of 
skin on the neck (dewlap, see Frazier and Mu [19)). 
In addition, small papillomata on the prepuce, 
mentioned by Lacassagne (29) as occurring in rab- 
bits after very large doses of estrone, were fre- 
quently observed. 
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Extra-genital viscera.—Although organs other 
than those of the reproductive system were not 
studied histologically in detail, certain gross ob- 
servations were made and confirmed in histologic 
study. Kidney hypertrophy was evident, and in 
four animals distinct areas of fibrosis were noted in 
the kidneys. One of these animals showed a large 
calculus in the right ureter, with calculous deposits 
in the kidney and tremendous hydronephrosis. In- 
dications of pathologic alterations were found also 
in some adrenals and livers. 

The bladder walls were thickened, and there 
was an increase in urinary sediment residual in the 
bladder. Definite fibrosis of the connective tissue 
mesentery in the rectum-seminal vesicle area oc- 
curred, and in two animals hypertrophic changes in 
the rectum were apparent. Such changes in the 
rectum have not been reported previously as a se- 
quel to heavy estrogenization. In EST-1, hyper- 
trophy of the individual smooth muscle fibers in 
the rectum, which appeared “swollen,” produced a 
thickening of the fibromuscular wall to about 
twice normal. In EST-4, the smooth muscle cells 
of all the muscle layers (including the muscularis 
mucosae) were enormously enlarged, resulting in a 
fibromuscular wall about three times thicker than 
normal (cf. Figs. 7 and 8). In both cases, the rectal 
lumen was considerably larger than normal. 

No evidence of abdominal fibroid formation was 
found. 

In six of the nine extrogenized rabbits in our 
series, extensive fat deposits were noted along the 
vasa deferentia (Figs. 1 and 2) and in the epididy- 
mides of the intact animals, as well as in the blad- 
der neck region. Histologic section revealed that 
these deposits were often intermuscular and sub- 
fibrosal and were responsible for some of the gen- 
eralized hypertrophy of the vasa and the epididy- 
mides. Chevrel-Bodin and Cormier (11) reported 
irregularities in fat metabolism in 7 per cent of a 
series of estrogenized rabbits. In addition to tu- 
mors (éléidome) at the site of injection of hormone, 
they observed fatty deposits in the inguinal fold 
and in the viscera. 

Testis and epididymis.—The testes in the three 
estrogenized intact rabbits and the one unilaterally 
cryptorchid rabbit were all atrophic and intra- 
abdominal. Microscopic sections showed two dif- 
ferent pictures: the testes of EST-3 and EST-7 
consisted of atrophied tubules with little evidence 
of interstitial tissue; the testes of EST-4 and 
EST-9 were almost exclusively masses of inter- 
stitial cells with a few atrophic tubules. 

The caudal epididymis was hypertrophied to 
huge proportions in the estrogenized intact rabbits 
(Fig. 1). Some of the tubules were extremely di- 


lated and cystic; others were heavily metaplastic. 
The estrogen-induced metaplasia was generally to 
a stratified columnar epithelium. The normal cau- 
dal epididymis contains efferent ductules, ductus 
epididymidis, and the coiled portion of the vas 
deferens, as well as possible Miillerian vestiges; 
however, we were unable to classify anatomically 
the tubules in the estrogenized epididymis. 

Subfibrosal and intertubular fat deposits were 
present in the hypertrophic epididymis, which also 
evidenced a pronounced increase in muscle and 
connective tissue. In one rabbit (EST-4) a wide- 
spread fibroma was found in the epididymis (Fig. 
9); in another (EST-9) epithelial proliferations 
had invaded the connective tissue and the muscle 
layers. Three rabbits showed some true keratiniza- 
tion of one or more tubules, and lymphocytic and 
polymorphonuclear infiltration (including intra- 
epithelial abscesses) was evident in all. 

Vas deferens.—In all estrogenized rabbits the 
vasa deferentia were hypertrophic, generally show- 
ing discrete swellings of muscle and fibrous tissue 
along their course, as well as intermuscular and 
subfibrosal fat deposits (Figs. 1 and 2). Sections re- 
vealed either multiple canals or a single large 
canal lined by a slightly metaplastic epithelium 
(transitionoid). Polymorphonuclear and lympho- 
cytic infiltration was generally heavy. 

In two animals, EST-1 and EST-8, glandular 
proliferations from the vas deferens had invaded 
the connective tissue stroma and the muscularis, 
and small groups of detached epithelial cells were 
found scattered in the surrounding tissues (Fig. 4). 
The cancerous nature of these changes is open to 
question, since their independence of continued 
estrogenization was not determined. Similar 
growths in the uterus of the mouse (34) and of the 
rabbit and guinea pig (37) treated with estrogen 
(Selye’s “‘experimental invasive endometriosis’’) 
have been described. Sections of the vas deferens 
near the epididymis of EST-9 showed proliferative 
(and keratinizing) changes probably continuous 
with those found in the epididymis proper. In ad- 
dition, the vas deferens of EST-8 showed a pre- 
fibromatous nodule, resembling the epididymidal 
tumor in EST-4. 

The ampullary region of the vasa deferentia re- 
tained a fairly normal appearance. Although less 
extensively glandular than in sexually mature rab- 
bits, the ampullae showed infrequent metaplasia, 
and the main lumen was surrounded by numerous 
glands lined by a tall columnar, evidently secre- 
tory, epithelium. Lymphocytic infiltration was 
characteristically heavy in the inter- and circum- 
glandular stroma. 

Seminal vesicle-—The most striking effects on 








Fic. 1.—Sex accessories and testis-epididy- 
mis of 22-month-old unilaterally cryptorchid 
Dutch rabbit after absorption of 18.7 mg. 
estradiol dipropionate over a 466-day period. 
Note seminal vesicle and epididymis hypertro- 
phy and fat-inclosed vas deferens. Dotted line 
demarcates anterior limit of vesicular gland. 
Mag. X0.8. sv, seminal vesicle; pv, prostate 
and vesicular gland; bu, bulbourethral gland; 
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te, testis; ce, caudal epididymis; vd, vas de- 
ferens. 

Fic. 2.—Cross-section of vas deferens of 
22-month-old intact Dutch rabbit after ab- 
sorption of 16.6 mg. estradiol dipropionate 
over a 444-day period. Note intermuscular 
fat deposits, muscle nodules, and multiple 
canals (those on the right possibly Miillerian 
in origin). Mag. X12. 








Fic. 3.—Metaplastic epithelium of seminal vesicle of 12- 
month-old Dutch rabbit, castrate with absorption of 4.6 mg. 
estradiol dipropionate over a 159-day period. Note “‘transi- 
tionoid,”’ nonkeratinized character. Mag. 400. 

Fic. 4.—Area of muscular wall of vas deferens of 25-month- 
old Dutch rabbit, castrate with absorption of 34.9 mg. estra- 
diol dipropionate over a 633-day period. Note glandular pro- 
liferations invading connective tissue and muscle. Mag. 180. 

Fic. 5.—Alveoli (type 3) in vesicular gland of 25-month- 
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old Dutch rabbit, castrate with absorption of 34.9 mg. estradiol 
dipropionate over a 633-day period. Note adenomatous char- 
acter; desquamating, but nonkeratinized surface layers. Mag. 
<x 180. 

Fic. 6.—Alveoli (type 2) in vesicular gland of 27-month- 
old Dutch rabbit, castrate with absorption of 19.3 mg. estradiol 
dipropionate over a 435-day period. Note irregularly meta- 
plastic, stratified columnar epithelium. Mag. < 180. 
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the seminal vesicle were the gross increase In size 
and the fibromuscular hypertrophy (Fig. 1), both 
extremes of the trends observed in rabbits treated 
for short periods with estrogens (2). All the estro- 
genized rabbits of this series possessed a huge 
seminal vesicle, with apparent stimulation of both 
muscle and connective tissue. The subepithelial 
stroma was edematous, but the bulk of the hyper- 
trophy was due to the hyperplastic smooth muscle. 
Hyperemia was also evident. Table 1 lists some of 
the data illustrating the definite fibromyotropic 
and epitheliotropic effects of estrogen on the 
seminal vesicle. 

Some epithelial metaplasia (Fig. 3) was evident 
in all seminal vesicles, varying from metaplastic 
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Fic. 7.—Rectum wall of 24-month-old intact 
Dutch rabbit after absorption of 29.1 mg. estradiol 
dipropionate over a 582-day period. Note hyper- 
trophy of all muscle layers, including muscularis 
mucosae (cf. Fig. 8). Mag X60. 





patches in a columnar epithelium. lining as in 
EST-3 (191 days of treatment) to a completely 
metaplastic epithelium, 130 4 thick, as in EST-4 
(582 days of treatment). This metaplastic epithe- 
lium is difficult to classify. It is definitely not strat- 
ified squamous and can probably best be described 
as stratified columnar or “‘transitionoid.”’ 

It should be pointed out that glands of some 
kind were present in all the seminal vesicles. All 
except two rabbits showed intraepithelial glands, 
and all except one possessed modified tubuloalve- 
olar glands. The seminal vesicles possessed one or 
more of the following types of glands: shallow pits, 
branched tubules, large active glands lined by tall 
columnar epithelium, metaplastic alveolar glands, 
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Fic. 8.—Rectum wall of 21-month-old normal 
control Dutch rabbit. Mag. X60. 

Fic. 9.—Area of epididymidal fibroma in 24- 
month-old intact Dutch rabbit after absorption of 
29.1 mg. estradiol dipropionate over a 582-day 
period. Mag. X 180. 








BerN— Estrogen Treatment of Rabbits 71 


huge dilated cysts with flattened epithelium. Se- 
cretory material was present in most of these 
glands. 

There was no consistent difference between the 
main body of the gland and the duct, metaplasia 
being equally extensive in both. Polymorphonu- 
clear and lymphocytic infiltration was univer- 
sally present; intraepithelial and glandular ab- 
scesses, as well as subepithelial lymphoid aggre- 
gations, were common. One animal, EST-9, 
showed a large sac lined by tall columnar epithe- 
lium with densely granular cytoplasm located be- 
tween the duct of the seminal vesicle and the ure- 
thra. This structure was located in the same posi- 
tion as the true uterus masculinus described in a 
normal albino rabbit (3) and showed evidence of 
nonmetaplastic epithelial stimulation. 

Vesicular gland and prostate.—Vhere was con- 
siderable variation in response to estrogens in the 
vesicular gland and prostate. In general, fibromus- 
cular hypertrophy and hyperemia were present in 
all. The parenchyma was equal to, or more abun- 
dant than, the fibromuscular tissue. In most cases 
the glands were somewhat smaller than normal, 
but in two animals the vesicular gland was notably 
hypertrophic, owing to cystic dilatation of several 
of the alveoli and to fibrosis and edema of the 
stroma. 

‘The glandular response was striking in all cases. 
Four arbitrarily defined alveolar types could be 
seen in different regions of the gland, generally 
several types in a single gland: (1) cystic alveoli, 
lined by a stratified or simple squamous epithe- 
lium, with lumina often containing leukocytes and 
some secretory material; (2) alveoli lined by a dis- 
organized, irregularly metaplastic, stratified co- 
lumnar epithelium, several layers thick (Fig. 6)— 
probably transitional between types 3 and 4; (3) 
heavily metaplastic alveoli (Fig. 5), often solid 
cords or with extensive papillomatous ingrowths 
into the lumen, and “adenomatous” in appear- 
ance; cells transitionoid or stratified columnar; 
occasional intraepithelial glands and frequent ab- 
scesses; generally terminal to type 4, apparently 
new growths into the stroma; (4) alveoli lined by 
simple tall columnar or two-layered epithelium 
with cells secretory in appearance, with occasional 
metaplastic patches. 

Type 3 alveoli occurred extensively and resem- 
bled neoplastic growths in their appearance. Meta- 
plasia in the prostate and vesicular gland was often 
more profound in the alveoli than in the more 
proximal ducts. Polymorphonuclears occurred in 
the lumina and between the epithelial cells in large 
numbers; lymphocytes were concentrated in the 
circumalveolar stroma. 


No evidence of cornification of the metaplastic 
epithelium was seen in any of the urogenital struc- 
tures except the prostatic urethra and certain 
tubules in the epididymis in some animals. Some of 
the vesicular gland alveoli in EST-9 showed epi- 
thelial sloughing of precornified cells, which prob- 
ably represents the ‘“‘cornified’”’ desquamation re- 
ferred to by Jost (25). Evidently the reaction of 
the male sex accessories to estrogen in the rabbit 
does not include true keratinization. 

The prostate of EST-4 was nearly normal in ap- 
pearance, with alveoli lined largely by tall co- 
lumnar, actively secretory epithelium. This animal 
possessed a testis showing interstitial cell hyper- 
trophy and may be an instance of acquired resist- 
ance to estrogen, as was described in a male mouse 
by Burrows (7). Several of the estrogenized pros- 
tates showed corpora amylacea. 


DISCUSSION 

The observations reported above are in sub- 
stantial agreement with those in Chevrel-Bodin 
and Leroy’s experiments (12) on a large series of 
estrogenized rabbits. We did not observe any great 
degree of cystic dilatation of the rete testis; how- 
ever, both the tubular and the interstitial cell 
types of testes were found. Interstitial cell hyper- 
trophy has also been reported in mice after treat- 
ment with certain estrogens (5). In the epididymis, 
we observed a fibroma and invasive epithelial 
growths, as well as fibromuscular hypertrophy, 
cystic dilatation, and metaplastic tubules. Similar- 
ly, in the vas deferens, in addition to the fibro- 
muscular overgrowth, we noted one prefibroma 
and two instances of invasive epithelial growths. 
Chevrel-Bodin and Leroy pointed out extensive 
metaplastic and proliferative lesions in the am- 
pullae, which we found were least affected of all 
the accessories and ducts in our rabbits. 

Our descriptions of the epithelial and fibromus- 
cular changes in the seminal vesicle, prostate, and 
vesicular gland are consistent with the earlier 
work. Chevrel-Bodin and Leroy concluded that 
the groups of solid cords observable in the prostate 
and vesicular gland (not distinguished in their re- 
port) represented true adenomatous lobules. 

It is obvious that the effect of estrogen on the 
accessories is universally stimulatory. Both the 
fibromuscular and the epithelial components re- 
acted to the stimulus. The normal secretory epi- 
thelium was generally lost, but some secretory ac- 
tivity was apparent in the replacing epithelium. 
The distended seminal vesicle of EST-5 (33 mm. 
in width) was particularly noteworthy in this re- 
gard. 

The extensive metaplasia occurring in the pros- 
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tate, vesicular gland, and seminal vesicle is differ- 
ent in the rabbit from that seen in other mammals. 
Keratinization does not characterize the meta- 
plastic epithelium, and the changed epithelium is 
not stratified squamous but stratified columnar or 
transitionoid. Nodular keratinized lesions! occur 
spontaneously in the prostates and_ vesicular 
glands of our Dutch rabbits, indicating that these 
accessories are capable at some time of producing a 
stratified squamous epithelium and keratin. How- 
ever, after estrogenization (in either castrate or 
intact animals) the metaplasia is adenomatous, re- 
sembling the seminal vesicle epithelial changes ob- 
served in the rat by Korenchevsky (27) after treat- 
ment with estradiol dipropionate plus androster- 
one or dehydroandrosterone. 

Cornification was observed in the hypertrophic 
epididymis accompanying metaplastic changes of 
the epithelium. While it is possible that this repre- 
sents a spontaneous pathologic change, such as is 
seen in the normal prostate and vesicular gland, 
such changes have not been observed previously in 
any incidental studies of the epididymides of nor- 
mal rabbits. In any case, this occurrence of cornifi- 
cation in areas far removed from the urogenital 
sinus epithelium (as in the keratinization of epi- 
didymidal Miillerian duct vestiges in the mouse 
[6]) does not conform with Zuckerman’s (39) con- 
cept of the possible participation of urogenital 
sinus epithelium in all genital squamous meta- 
plasia. 

The reasons for the zoélogical specificity of the 
reactions to estrogen in different animals are not 
known. Fibromyoepitheliomas characteristic of the 
estrogenized guinea-pig prostate (33) were not seen 
in the rabbit. The squamous metaplasia character- 
istic of estrogenized accessories in the mouse, rat, 
opossum, etc. (4, 26, 9), was also not seen in the 
rabbit. In addition to the possibility of tissue 
specificity, the adrenal in the rabbit (and the 
atrophic testis in intact estrogenized animals) may 
produce a testoid which modifies the tissue re- 
sponse to exogenous estrogen to prevent squamous 
metaplasia and keratinization. It is also possible 
that the liver may metabolize the estrogen in a 
manner different in the rabbit from that in other 
mammals. 

The epididymis—vas deferens system in the rab- 
bit is worthy of special attention because of the 
several instances of tumorigenesis observed there- 
in (two fibromas, three invading epithelial pro- 
liferations). It is possible that the tendency to 
uterine-like invasive proliferations may be ascrib- 


1 These spontaneous lesions, morphologically resembling 
those of avitaminosis-A in other animals, are being investigated 
further. 


able to the presence of Miillerian duct rests or 
vestiges in the epididymis and vas of the rabbit. 
The multiplicity of canals in the estrogenized vas 
(Fig. 2) might indicate this. Burrows (6) pointed 
out the ease with which such vestigial structures 
become cystic and keratinized after estrogeniza- 
tion In male mice. Two cases of adenofibromyoma 
of the epididymis, with hormones possibly playing 
an etiologic role, were recently described in man 
by Falconer (17). The epididymidal enlargement 
described by De Jongh et al. (15) in the dog, how- 
ever, was due to nontumorous fibromuscular hy- 
pertrophy. 

As pointed out above, no abdominal fibroids 
were observed; however, the fibromatous growths 
seen in the vas deferens—epididymis system in two 
of the animals of this series indicate a possible spe- 
cific reaction to estrogens on the part of certain 
genital tissues in the male rabbit. These growths 
were grossly apparent and were studied in sample 
sections through the caudal epididymis and vas 
deferens; serial sections might have revealed other 
signs of possible neoplasia. 


SUMMARY AND CONCLUSIONS 


A series of male Dutch rabbits, intact and cas- 
trate, was subjected to continuous treatment with 
estradiol and estradiol dipropionate for periods of 
159 to 633 days. 

Dramatic change occurred in the sex acces- 
sories and in the duct system. The seminal vesicles 
were tremendously enlarged, and the epithelium of 
the prostate, vesicular gland, and seminal vesicle 
underwent metaplasia to a nonsquamous, tran- 
sitionoid type, adenomatous in appearance. 

No abdominal fibroids or prostatic fibromyoep!- 
theliomas, as reported in the guinea pig, were 
found; but tumorous changes (fibromas and in- 
vasive epithelial proliferations) hitherto unde- 
scribed in male mammals after estrogenization 
were noted in the vasa deferentia and in the ep!- 
didymides of certain rabbits. In addition, striking 
hypertrophy of the rectum was seen in two rabbits. 
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Histological Appearance of Mouse Sarcoma 180 
Infected by Vaccinia Virus’ 


Ropert A. Keirzcer, M.D., BarBpara MULLIKEN, AND JosePH C, TurNeR, M.D. 


(From the Department of Medicine, College of Physicians and Surgeons, Columbia University, 
and the Presbyterian Hospital in the City of New York) 


IN'TRODUCTION 


Levaditi and Schoen, in 1936, demonstrated 
Guanier bodies in the tumor cells of the Shope 
papilloma infected by vaccinia virus and noted in- 
filtration of the tumor by polymorphonuclear 
leukocytes (6). Levaditi and Haber found that the 
introduction of fowl pest virus into mice epithelio- 
mata resulted in massive necrosis of the tumor 
cells (5). However, the virus was lethal to the host, 
and similar necrosis occurred in liver cells. 

No characteristic changes were found by Find- 
lay and MacCallum in mouse carcinomas infected 
by the yellow fever virus (2). Andrews observed 
typical Virus III imtranuclear inclusions in the 
cells of a rabbit fibroma (1). Tumors carrying Virus 
III regressed more rapidly than did the control 
fibromas. Intranuclear inclusions were found in 
areas of tumor necrosis but were also widespread 
in tumor cells which revealed no other alteration or 
necrosis. 

In a previous communication from this labora- 
tory, Turner and Mulliken reported that trans- 
plants of mouse sarcoma 180 infected with vac- 
cinia virus harbored the virus in high titre for ex- 
traordinarily long periods of time, in contrast to 
normal tissues of the host, and that the infected 
tumors grew more slowly and less successfully than 
they otherwise would have (7). The explanation 
offered was that the virus acts directly on the neo- 
plastic cells. The report which follows is concerned 
with the histological study of some of these tu- 
mors to determine whether there was anatomical 
evidence of the presence of the virus in the tumor 
cell or of an effect of the virus on the tumor cells or 
on its environment. 


EXPERIMENTAL 
Grafts of mouse sarcoma 180 infected 6 days 
previously with vaccinia virus were made subcu- 
taneously in mice. The animals were killed at in- 
tervals of 4 to 36 days thereafter. The details of 


* These investigations have been aided by a grant from the 
Jane Coffin Childs Memorial Fund for Medical Research. 
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the experiments are recorded in an earlier com- 
munication (7). A histological study was made of 


$4 infected and of 837 noninfected tumors. 


RESULTS 

All but 2 of the infected tumors were shown by 
intradermal tests in rabbits to contain vaccinia. 
No specific histologic evidence of tumor parasitiza- 
tion by the vaccinia virus was obtained. Guanieri 
and elementary bodies were not demonstrable in 
Giemsa preparations, either in the tumor cells or 
in the supporting tissue or capillary endothelium. 

Since growth was impaired in infected tumors, 
it was of importance to determine whether the ef- 
fect might be due to an inflammatory reaction 
within or around the tumor, such as that seen in 
the skin and subcutaneous tissues of the mouse or 
rabbit after intradermal injection of virus. No ap- 
preciable inflammation attributable to the pres- 
ence of virus could be found in the tumors. Capil- 
lary engorgement, varying edema, and diffuse in- 
filtration of the tumor by polymorphonuclears was 
observed during the first 10 days after transplanta- 
tion in most of the tumors, of both the infected and 
the noninfected groups. Necrosis of inflammatory 
and capillary endothelial cells as seen in the vac- 
cinial reaction in the mouse tail was not present in 
the infected tumors. After the end of the second 
week following transplantation, the tumors of both 
groups were free of inflammatory reaction, except 
in the areas of necrosis which occur regularly in 
the course of development of sarcoma 180. Thus 
tumors known to harbor the virus in high titre in 
the second and third weeks showed no inflamma- 
tory reaction to the virus. 

Mitotic figure counts were done to determine 
whether the impairment of growth in the infected 
tumors might be associated with a change in cell 
division. The total number of mitotic figures in 
ten random (X 1,500) microscopic fields in each in- 
fected tumor was compared with a similar count 
for each noninfected tumor. During the first 10 
days after transplantation the mitotic figures were 
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significantly fewer in infected, as compared with 
the control, tumors (Table 1).! After the tenth day 
there was no difference in the number of mitotic 
fizures in the two groups. 

No alteration of tumor-cell structure 
ent in infected tumor which could not be seen to 
some degree in the noninfected tumors as well. 
However, it is of interest that the occurrence of 
multinucleated tumor cells and of variation in the 
size and shape of the nuclei, as well as in the con- 
densation of nuclear chromation, and in the shape 
of the cells was more common in the infected tu- 
mors. This was particularly true during the first 
2 weeks after transplant. The difference was less 
striking later. 

Histochemical examination of the tumors for 
alkaline phosphatase and for acid phosphatase by 
the methods of Gomori (3, 4) revealed no differ- 


as pres- 
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controls, This, together with the fact that the virus 
has no lytic effect on the tumor cells, suggests that 
the inhibitory effect of parasitization may be on 
some metabolic process leading up to cell division. 

The more frequent occurrence of anaplastic 
cells in the infected tumors is paradoxical, since 
lack of differentiation is usually characteristic of 
rapid growth. At the present time no explanation 
is offered. 


SUMMARY 


‘Transplants in mice of mouse sarcoma 180, 
parasitized by vaccinia virus and found to grow less 
well than control transplants, revealed no Guani- 
eri or elementary bodies in the tumor cells or sur- 
rounding stroma. In infected tumors there was no 
inflammatory reaction which might be attributed 
to the presence he virus. 


TABLE 1 


TOTAL NUMBER OF MITOTIC FIGURES IN TEN RANDOM MICROSCOPIC (1,500) FIELDS OF 
INFECTED AND CONTROL SARCOMA 180 


Day 4 vo 6* 
‘Tumors 


‘Tumors 


Day 7 70 & Day 9 vo 10 


[a hl 
lumors 


examined Range Mean examined Range Mean examined Range Mean 
Control (5 4-18 9.5 )-17 13.6 6 10-16 13.3 
Infected 4 l- 6 $8 4-12 8.3 4) 7-17 10.5 


* After transplant. 


ence in the amounts of these enzymes in the nu- 
clear chromation or mitotic figures of infected and 
control tumors. 


DISCUSSION 


The absence of inclusion and elementary bodies 
from the tumor cells does not exclude the hypothe- 
sis that the virus has an affinity for them. The cells 
of a sarcoma, such as 180, are presumably derived 
from mesenchyme. They might therefore differ 
from epidermal cells in their structural reaction to 
virus, e.g., formation of Guanieri bodies. Against 
the idea that the virus simply remains only in the 
supporting stroma of the tumor is the fact that it 
disappears rapidly from normal subcutaneous tis- 
sues of the mouse, whereas it persists in the tumors 
for as long as 31 days after transplant. Moreover, 
no inclusion or elementary bodies were found in 
connective tissue or endothelial cells. 

The presence of fewer mitotic figures in infected 
tumors is in keeping with the observation that 
such tumors grow less well than the noninfected 


!The authors are indebted to Miss Evelin Elveback, of the 
Department of Biostatistics, School of Public Health, for an- 
alysis of the data. By the chi-square method the difference 
between the number of mitotic figures in the two groups is 
found to be significant at the 1 per cent level. 


The differences observed between infected and 
noninfected tumors were quantitative rather than 
qualitative. Mitotic figures in infected tumors were 
fewer than in control tumors during the first 10 
days after transplant. Variations in differentiation 
occurred in control and infected tumors but were 
more common in the latter. 
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Primary Liver-Cell Carcinoma (Hepatoma) in the Dog” 


R. M. Mutrican, M.D. 


(From the Department of Pathology, University of Colorado Medical Center, School of Medicine, Denver 7, Colorado) 


Although nodular hyperplasia of liver cells is 
fairly common in the dog (3, 6, 8, 12, 14), true 
neoplasia of liver cells is relatively unusual. In this 
laboratory, nodular hyperplasia of liver cells (12) 
was observed in 10 out of 61 autopsied dogs 
(Fig. 1). Of the 45 cases of epithelial cancer of the 
liver found in the literature (1—7, 9-11, 18, 15-17), 
35 were typed as carcinoma, presumably of liver- 
cell origin; 8 were classified as adenocarcinoma, 
evidently of bile duct origin; and 2 were not 
studied histologically. In 10 cases a definite state- 
ment concerning metastases was made. Of the 5 
carcinomas, 2 produced metastases and 3 remained 
within the liver. Of the 5 adenocarcinomas, 4 
metastasized and 1 did not. In 11 cases, the sex 
was female in 7 and male in 4. In 7 dogs the age 
ranged from 8 to 15 years. Breed was as follows 
in 10 cases: fox terrier, 2; pinscher, 2; and 
dachshund, Yorkshire terrier, French bulldog, 
“sheep hound,” Airedale terrier, and German 
shepherd, 1 each. 


REPORT -OF FOUR CASES OF 
HEPATOMA IN THE DOG 

Case 1 (47R-378).—A female chow, 10 years 
old, a patient of Drs. J. R. Naylor and L. C. 
Smith, showed a neoplasm of 1,335 gm., 18 X 
14 X 14 em., on the inferior surface of the liver, 
arising mainly from the caudate lobe but also from 
the posterior part of the quadrate lobe. Cut sec- 
tion revealed a gray-brown fluid and friable red- 
tan tissue in an eccentric cavity, 10.5 cm. in great- 
est diameter, within the tumor, which consisted of 
nodules 2 to 55 mm. in diameter, soft to firm, 
light-brown, and sometimes red mottled (Fig. 2). 
The anatomic diagnoses were: carcinoma (hepa- 
toma) of the liver, fibroadenocystic disease of the 
right fifth mammary gland, follicle cysts of the 
ovaries, cystic glandular hyperplasia of the en- 
dometrium, nodular cortical hyperplasia of the 
adrenal glands, thrombosis of an esophageal vein, 
and extra-medullary myelopoiesis of the spleen. 

Case 2 (47R-629).—A spayed female “toy 
shepherd,”’ 12 years old, a patient of Drs. L. R. 





* This investigation was aided by a grant from the National 
Cancer Institute of the United States Public Health Service. 


Philips and B. S. Burkhardt, had a 585-gm. 
tumor arising from the inferior and anterior sur- 
faces of the quadrate lobe of the liver, entirely re- 
sected at operation; but the dog was destroyed at 
the request of the owner. The tumor was fairly 
firm, bulged on section, and consisted of large 
lobules of light-brown to tan, sometimes dark-red 
or tan and dark-red nodules, 4 to 40 mm. in di- 
ameter, separated by tough interlacing gray tissue 
bands (Fig. 3). The anatomic diagnoses were: 
‘arcinoma (hepatoma) of the liver, cortical ade- 
noma of the left adrenal gland, nodular cortical 
hyperplasia of the right adrenal gland, mucous 
cysts of the gall bladder, and hemosiderosis of the 
spleen. 

Case 3 (48R-107).—A male German shepherd, 
14 years old, a patient of Drs. H. G. Weigand and 
W. J. Shay, had a hepatoma, which, with the 
liver, weighed 1,720 gm. (Fig. 4), the liver being 
one-tenth the total. The tumor was 173 & 132 X 
125 mm. and arose from the inferior surface of 
nearly the entire liver, especially from the quad- 
rate and caudate lobes. The cut section was fairly 
firm, coarsely lobulated, red-tan, and focally red 
mottled. The individual lobules were finely nodu- 
lar. The anatomic diagnoses were: carcinoma 
(hepatoma) of the liver and nodular lymphoid 
hyperplasia of the spleen. 

Case 4 (48R-196).—A male fox terrier, 15 years 
old, a patient of Dr. F. T. Candlin, showed a liver 
weighing 708 gm., coarsely lobulated and deeply 
fissured by dense gray tissue bands (Fig. 5). On 
cut section the lobules consisted of nodules 3 to 
32 mm. in diameter; firm to spongy; tan, green, 
brown, pink-gray, or white. The anatomic diag- 
noses were: carcinoma (hepatoma) of the liver, 
cirrhosis of the liver, carcinoma of the perianal 
glands, nodular cortical hyperplasia of the adrenal 
glands, and jaundice. 


MICROSCOPIC OBSERVATIONS 
Cirrhosis.—The hepatic (central) veins were 
easily identified. The periportal areas showed both 
relative and absolute increase of fibrous connective 
tissue, bile ducts, venules, and arterioles. Com- 
plete obliteration of any semblance of portal triads 
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Fig. 3 


Fic. 1 (48R-609).—Nodular hyperplasia of liver, inferior 
surface. Left edge at top, anterior edge at left. Large sharp 
defect in left posterior lobe in area cut for tissue sections. 
x 9/20. 

Fig. 2 (47R-378).—Case 1. Hepatoma. Cut section with 


Fic. 4 


eccentric, cystic cavity at top. Surface with stretched, opened 
common bile duct over right edge at bottom. 9/20. 
Fic. 3 (47R-629).—Case 2. Hepatoma. Cut section of two 
levels to show large lobules divided into smaller nodules. X 3. 
Fic. 4 (48R-107).—Case 3. Hepatoma. Anterior view. Liver 
at top. X2/5. 











Fig. 5 
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Fic. 5 (48R-196).—Case 4. Hepatoma and cirrhosis. Cut 
section of one level in top two pieces and at another level in 
bottom piece. 1/2. 

Fic. 6 (48R-196).—Case 4. Cirrhosis of liver. Central vein 
of distorted lobule in upper left-hand corner. Proliferated bile 
ducts in fibrous connecti" © tissue to right and at bottom. 150. 





Fig. 8 


Fic. 7 (47R-565).—Nodular hyperplasia of liver. Edge of 
single nodule in right three-quarters, with retained portal 
triad in upper right-hand corner and fat vacuoles in several 
hyperplastic liver cells. Compressed liver cords and sinusoids 
in left one-quarter. 150. 

Fic. 8.—Higher power of Fig. 7, with portal triad in upper 
right corner. X 600. 
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was produced by the merging of adjacent periportal 
areas (Fig. 6. The distorted single lobules were 
reduced in size to about half that of the lobules of 
a normal liver. The polyhedral or rounded liver 
cells were arranged in single or double rows, but 
irregularly as compared to those in a normal liver. 
The cell borders were separated from each other 
and usually clearly defined or were less commonly 
hazy and closely approximated. The cytoplasm 
was finely granular and acidophilic. The often ec- 
centric nuclei were usually single, but 3 or 4 bi- 
nucleated forms could be seen in a X 440 field. The 
sinusoids were warped and uneven in conformity 
to the disarrangement of the cords of liver cells; 
the Kupffer cells and bile canaliculi were stuffed 
with bile pigment. The nuclei of the liver cells were 
round, and nuclear membrane was heavy. The 
chromatin was finely beaded but unevenly dis- 


plasm of the cells was granular, acidophilic, or 
polychromatophilic and sometimes coarsely vacu- 
olated by fat or finely foamy with glycogen. The 
nuclei were often: single, but a 440 field con- 
tained 4 or 5 binucleated cells. The nuclei were 
round, and the nuclear membrane was heavy. The 
chromatin was finely beaded and irregular. Nucle- 
oli were conspicuous, acidophilic, usually single, 
sometimes double, and often encircled by con- 
densed chromatin. The nuclei within the nodules 
were 7.5 to 9.1 uw in diameter; those in the sur- 
rounding liver cells were 6.7 to 7.4 uw in diameter. 

Hepatoma.—The lobules of neoplastic cells di- 
rectly compressed the adjacent liver tissue (Fig. 9) 
with flattening of liver-cell cords, sinusoids, and 
portal triads and with distortion of lobules; or the 
lobules of neoplastic cells were separated by bands 
of vascularized connective tissue from each other 


TABLE 1 
TEN CASES OF NODULAR HYPERPLASIA OF LIVER CELLS IN THE DOG 
Accession 
Number number Age Sex Breed Nodules in liver 
1 47 R-565 16 M Mongrel German shepherd §8, tan or red-tan, 5-18 mm. 
2 47 R-684 14 F = Collie 24, light tan to dark red, 
5-25 mm. 
3 47 R-703 13 M ~~ German shepherd 3, red, 15-62 mm. 
4 48 R-74 12 M-e Collie 9, tan to dark red, 8—20 mm. 
5 48 R-95 12 M __ Boston terrier 1, light tan, 20 mm. 
6 48 R-109 12 F-s Pekingese 6, tan, averaging 6 mm. 
7 48 R-116 12 F-s Mongrel German shepherd Multiple, 1-24 mm. 
* 48 R-183 7 Fox terrier 1, light tan, 20 mm. 
9 48 R-223 14 M Collie 4, fairly firm, 9-22 mm. 
10 48 R-406 11 M Bull terrier 1, tan, 10 mm. 


tributed. The acidophilic nucleoli were usually dis- 
crete, sometimes enlarged and more prominent 
than normal, and occasionally numbered two to a 
nucleus. The chromatin net tended to be clumped 
around the nucleoli. The nuclei measured 6.7 to 
7.84 in diameter, as compared with normal, 
6.2 to 7.1 p. 

Nodular hyperplasia of liver cells —A summary 
of 10 cases of nodular hyperplasia of liver cells 
studied in this laboratory is given in Table 1. Each 
nodule, whether single or multiple, large or small, 
consisted of irregular liver lobules with retention 
of the arrangement of central veins and portal 
triad in each lobule. The liver cells at the margins 
of the nodules showed compressive flattening, 
sinusoidal collapse, and distortive displacement of 
portal triads (Fig. 7). No increase in fibrous con- 
nective tissue was seen in the nodules of hyper- 
plastic liver cells or in the adjacent liver tissue. 
Within the hyperplastic nodules the polyhedral 
liver cells had indefinite borders and were ar- 
ranged in interlocking cords, which varied from a 
single to many cells thick to large solid masses 
without intervening sinusoids (Fig. 8). The cyto- 


and from the surrounding liver parenchyma. In 
the latter instance, adjacent liver cells were severe- 
ly atrophic or absent, and bile ducts, venules, and 
arterioles were entrapped in heavy fibrous connec- 
tive tissue. The lobules of hepatoma consisted only 
of neoplastic cells and proliferated vascular spaces 
resembling sinusoids (Figs. 10, 11, and 12). Portal 
triads were entirely lacking within the lobules of 
the hepatoma. The huge neoplastic cells were ar- 
ranged in solid masses, their borders were usually 
discrete, their shape was polyhedral or round, and 
their cytoplasm was granular or slightly to mod- 
erately vacuolated or both. The round or oval 
nuclei varied greatly in size and were usually 
single, but as many as 5 or 6 binucleated forms 
were noted ina 440 field. The nuclear membrane 
was heavy, and the chromatin was finely beaded 
or coarsely stippled and irregular. The acidophilic 
nucleoli were often single, sometimes numbered 2 
or 3 to a nucleus, were frequently large and sur- 
rounded by condensed chromatin, and displayed 
scattered mitotic figures. In case 1, the nuclei of 
the neoplastic cells ranged from 7.5 to 10.7 uw in 
diameter, whereas the nuclei of the liver cells next 








Fig. 11 


Fic. 9 (47R-629).—Case 2. Hepatoma in lower three- 
quarters and compressed liver cords and sinusoids in upper 
one-quarter. 150. 





Fig. 12 


Fic. 10.—Higher power of Fig. 9, showing area in middle 
of hepatoma. 600. 

Figs. 11 and 12 (47R-378).—Case 1. Hepatoma. 150 and 
< 600. 
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to the neoplasm were 6.5 to 8.5 uv in diameter. In 
case 2 the nuclei of the neoplastic cells were 6.2 to 
8.5 uw in diameter. 


SUMMARY 


|. A review of the literature revealed 35 cases 
in the dog of carcinoma, presumably of liver-cell 
origin; 8 of adenocarcinoma, evidently of intra- 
hepatic bile duct origin; and 2 hepatic cancers not 
studied histologically. Data on age, sex, and breed 
were too incomplete to be conclusive. 

2. In a group of 4 cases of hepatoma in the dog, 
inappetence, vomiting, weight loss, emaciation, 
and an upper abdominal tumor were symptoms 
noted 1 to 6 months before euthanasia. Resection 
of one hepatoma was successful and probably 
would have resulted in complete cure if the dog 
had been allowed to live. Resection might have 
been curative in 2 of the other 3 dogs with hepa- 
toma if operation had been made earlier. 

3. Three of the hepatomas arose from the in- 
ferior surface of the liver near the mid-line, dis- 
placed adjacent organs and t.csues weighed 585 
to 1,550 gm., were separated from the liver by 
fibrous connective tissue or directly impinged on 
compressed liver parenchyma, and consisted of 
large, soft to firm, tan, light-brown, tan-red, or 
dark-red lobules divided into nodules 2 to 55 mm. 
in diameter. The fourth hepatoma was associated 
with advanced cirrhosis of the liver and with 
atypical proliferation of bile ducts and sinusoids. 
The dog affected had had severe icterus during life. 
Microscopically, the lobules of hepatoma consisted 
of very large neoplastic liver cells in solid masses 
intimately related to proliferated vascular spaces 
resembling sinusoids. Portal triads were entirely 
lacking within the lobules of the hepatoma. The 
neoplastic cells had granular or vacuolated acido- 
philic cytoplasm and round or oval nuclei varying 
greatly in size, fairly frequently numbering two to 
a cell, displaying occasional mitosis, and supplied 
with beaded irregular chromatin and large acido- 
philic nucleoli. No case showed metastasis. 

4. Ten cases of nodular hyperplasia of liver cells 
were compared with the 4 cases of hepatoma. The 
nodules were usually multiple, fairly firm, tan, 
red, red-tan, or dark red, and were 5 to 25 mm. in 
diameter, or varied extremely from 1 to 60 mm. 
Microscopically, the liver tissue around the single 
nodules was compressed, but fibrous connective 
tissue was not increased. The nodules consisted of 
irregular liver lobules with retention of central 
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veins and portal triads in each lobule. The poly- 
hedral cells within the nodules were arranged in 
cords one to many cell layers thick, with distortion 
of the intervening sinusoids. The cells of the 
nodules were smaller in both cytoplasmic and nu- 
clear volume and exhibited less histologic evidence 
of nuclear activity than did the neoplastic cells of 
the hepatomas. 

5. Both hepatoma and nodular hyperplasia of 
liver cells occurred in dogs in advanced senility or 
11 to 16 years of age. Sex preponderance was not 
striking in either condition, and data on breed 
were inconclusive. 
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The Effects of Casein and Methionine on the Retention of 
Hepatic Riboflavin and on the Development of Liver 
Tumors in Rats Fed Certain Azo Dyes” 


A. C. Grirrin,t Pu.D., C. C. Crayton,{t M.S., ann C. A. BAUMANN, Pu.D. 


(From the Depariments of Biochemistry and Cancer Research, University of Wisconsin, Madison, Wisconsin) 


That the development of hepatic tumors in rats 


fed azo dyes can be varied by diet is a well-estab- . 
lished fact; but, in spite of extensive studies on in- 


dividual nutrients, the relation of dietary protein 
to the process is not particularly clear. The crude 
materials that have been found to be effective in 
retarding the development of these tumors are 
usually high in protein, e.g., liver (18, 21), certain 
concentrates from liver (8, 18, 27), yeast (18, 21), 
spleen (3), milk (9), egg white (7, 12, 25), stock 
diet (18), and others; but these materials also con- 
tain other nutrients, such as riboflavin, that might 
be active in retarding tumor development. 

The importance of riboflavin in preventing 
hepatic tumors due to p-dimethylaminoazoben- 
zene (DAB) has been shown in experiments with 
synthetic diets containing 12 or 18 per cent of 
casein. Such tumors developed rapidly when the 
diet contained 2 ygm. of riboflavin per gram but 
developed very slowly when 20 ugm. of riboflavin 
were present per gram of diet (20). The ingestion 
of DAB results in a decrease in the concentration 
of riboflavin in the liver (10), and the extent of the 
decrease has been found to be proportional to the 
carcinogenicity of the azo dye fed (4). Further- 
more, when a given azo dye was incorporated into 
diets known to accelerate or retard tumor forma- 
tion, the amount of riboflavin retained by the liver 
tended to be greatest’ on the protective diets and 
least on those on which tumor formation is rapid 
(5). It would therefore appear that the formation 
of hepatic tumors is in some way associated with 
subnormal concentrations of riboflavin in the liver 
and that diets that promote riboflavin retention 
should increase the resistance of the animal to the 
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process. Sarett and Perlzweig (23) and others have 
shown that the riboflavin content of the livers of 
rats fed equivalent amounts of the vitamin tends 
to vary with the level of protein intake, and this 
effect of protein has also been observed in animals 
ingesting DAB (4). The addition of methionine to 
diets low in protein has also been reported to in- 
crease the storage of hepatic riboflavin (22, 31). 
This suggests that diets high in protein or methio- 
nine might modify the development of liver tu- 
mors by promoting a better retention and storage 
of riboflavin in the liver. 

Kensler et al. found that riboflavin by itself was 
ineffective in preventing liver tumors in rats on a 
rice-carrot diet unless supplements of casein were 
fed (11). On a similar diet Nakahara et al. likewise 
failed to observe any protective effect due to ribo- 
flavin (21), presumably because their basal diet 
was inadequate for riboflavin retention. To the ex- 
tent that casein contributes to riboflavin retention, 
it might be expected to retard tumor development. 
Nevertheless, experiments in this laboratory indi- 
cate that the incidence of tumors was essentially 
the same on diets containing 18 per cent (20) or 
48 per cent (16) of casein, as on 12 per cent, al- 
though the latter experiment was not uncompl- 
cated, since such high levels of protein can alter the 
need of the animal for vitamin Bg (14). | 

In the present investigation rats were fed vari- 
ous azo dyes in diets containing 6, 9, 12, 24, or 36 
per cent of casein or 12 per cent of casein supple- 
mented with enough methionine to equal that in a 
diet containing 24 or 36 per cent of casein, and the 
rates of tumor formation were determined. In 
parallel short-time experiments rats were fed azo 
dyes and various levels of protein, and the storage 
of riboflavin in the livers was determined. 


METHODS 


For the production of tumors, essentially the 
same procedures were followed as those used in 
previous studies from this laboratory (18, 20); the 
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azo dyes were incorporated in the diets and fed to 
young adult rats for various periods of time, fol- 
lowed by an 8-week period on the same diet with- 
out the dye. In the initial experiments the diets fed 
contained 12, 24, or 36 per cent of casein, 4 per 
cent of Wesson salts, 5 per cent of corn oil, and 
glucose (cerelose) to 100 per cent. The following 
levels of B vitamins were incorporated into a kilo- 
gram of diet: thiamine, 3.0 mg.; pyridoxine, 2.5 
mg.; calcium pantothenate, 7.0 mg.; choline, 30.0 
mg.; and riboflavin, 1.0, 2.0, or 20.0 mg. For cer- 
tain groups 3.6 or 7.2 gm. of DL-methionine were 
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gen was a relatively mild one, fed in a high con- 
centration, viz., 0.096 per cent of o’methyl-p-di- 
methylaminoazobenzene (o’Me.DAB) (Table 1, 
groups 7-9). In a corresponding series, 0.06 per 
cent of DAB was fed for 19 weeks (‘Table 1, groups 
10-12); and the latter dye was also fed for 20 
weeks in diets containing 12 per cent of casein, 12 
per cent of casein plus 0.72 per cent of methionine, 
24 per cent of casein, and 36 per cent of casein 
(Table 1, groups 13-16). 

In an effort to determine the effects of low levels 
of protein, 0.06 per cent of DAB was fed in diets 


TABLE 1 


THE EFFECT OF PROTEIN OR METHIONINE ON THE DEVELOPMENT OF LIVER TUMORS 
IN RATS FED CERTAIN AZO DYES 


Time 
dye 
was 
fed 
Group* Carcinogenf Diet (wk.) 
1 0.04% m’Me.DAB 12% casein 18 
2 0.04% m’Me.DAB 24% casein 18 
3 0.04% m’Me.DAB 24% casein—20 mg. ribofla- 
vin/kg 18 
4 0.04% m’Me.DAB 12% casein 14 
5 0.04% m’Me.DAB 12% casein+3.6 gm. methi- 
onine/kg 14 
6 0.04% m’Me.DAB 24% casein 14 
7 0.096% o’Me.DAB 12% casein 19 
8 0.096% o’Me.DAB 12% casein+3.6 gm. methi- 
onine/kg 19 
9 0.096% o’Me.DAB 24% casein 19 
10 0.06% DAB 12% casein 19 
11 0.06% DAB 12% casein+3.6 gm. methi- 
onine/kg 19 
12 0.06% DAB 24% casein 19 
13 0.06% DAB 12% casein 20 
14 0.06% DAB 12% casein+7.2 gm. methi- 
onine/kg 20 
15 0.06% DAB 24% casein 20 
16 0.06% DAB 36% casein 20 


Average 
weight Average 
Average’ _ at end food Survival Final Nega- 

initial of dye- intake at end number tive Per 

weight feeding (gm/rat/ of dye- of sur- cent 
(gm.) (gm.) day) feeding tumors vivors tumors 
166 199 11.8 14/14 14 0 100 
165 225 10.6 13/14 6 7 47 
168 226 = «11. 14/14 1 13 7 
179 182 10.0 15/15 © 13 2 87 
173 203 10.3 15/15 10 5 67 
172 210 10.3 15/15 10 5 67 
178 184 8.9 14/15 11 3 79 
179 234 10.7 13/15 + 4) 31 
174 224 11.0 14/15 7 7 50 
180 192 10.1 15/15 3 ll 20 
182 221 10.5 15/15 3 12 20 
180 230 11.0 15/15 4 10 26 
207 254 13.9 12/15 + 7 33 
201 257 14.1 14/15 2 1] 14 
203 285 15.6 12/15 2 10 17 
208 307 17.7 14/15 7 7 50 


* Groups 1-2 and 4-12 received 2 mg. of riboflavin per kilogram of diet; groups 13-16 received 1 mg. of riboflavin per kilogram. 


t DAB =p-dimethylaminoazobenzene. __ 
m'Me.DAB = m’methy]-p-dimethylaminoazobenzene. 


o’Me. DAB =o’ methy]-p-dimethylaminoazobenzene. 


added per kilogram of the 12 per cent casein diet, 
in order to double or triple its methionine content 
(casein contains 3.1 per cent of methionine |24)). 
Each rat received 2 drops of halibut-liver oil by 
dropper every 4 weeks. 

In the first series (Table 1, groups 1-3) 0.04 
per cent of m’methyl-p-dimethylaminoazobenzene 
(m’Me.DAB) was fed for 18 weeks to young adult 
rats in a 12 per cent casein diet, in a 24 per cent 
casein diet, and in one containing 24 per cent of 
casein plus a high level of riboflavin (20 mg/kg). In 
a second series (groups 4-6) the dye was fed for 
14 weeks in diets containing 12 per cent of casein, 
12 per cent of casein plus 3.6 mg. of methionine 
per gram, or 24 per cent of casein. In a third series 
these diets were fed for 19 weeks, but the carcino- 


containing 6, 9, or 12 per cent of protein and 2 or 
20 mg. of riboflavin per kilogram of diet. After 3 
months, however, the mortality on the lower levels 
of protein was great, and the condition of the sur- 
vivors so poor (see also 18) that the percentage of 
protein in all diets was raised to 12 per cent. At the 
same time, the concentration of riboflavin in the 
low riboflavin diets was lowered to 1 mg/kg of diet 
in an effort to keep the diet as carcinogenic as pos- 
sible. The latter diet was fed for 5 weeks, after 
which the diets minus the dye were fed for two ad- 
ditional months, when the survivors were killed 
for a final tumor count. 

In the experiments on riboflavin retention, adult 
rats were fed various azo dyes in diets containing 
12 or 24 per cent of casein or 12 per cent of casein 
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plus 4 gm. of methionine per kilogram. The concen- 
trations of the dyes fed were 0.06 per cent DAB, 
0.04 or 0.064 per cent m’Me.DAB, and 0.096 per 
cent o’Me.DAB. At the end of 3 or 6 weeks the 
animals were killed and the livers analyzed for 
riboflavin by the fluorometric method used in our 
previous studies (4, 5). The method 1s essentially 
that of Conner and Straub (2) as modified by 
Andrews (1). 
RESULTS 

Dietary protein and tumor development.—The in- 
gestion of extra protein or of methionine invari- 
ably improved the growth and general physical 
condition of the rats fed azo dyes and also tended 
to decrease the severity of the cirrhosis that de- 


veloped. The effects of the supplements on tumor 
formation, however, were less definite. In some 
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and the high protein diets, respectively (groups 7 
and 9, Table 1), while in the group receiving the 
low protein diet plus methionine, the incidence of 
tumors was only 31 per cent. On the other hand, 
rats fed 0.06 per cent of DAB developed approxi- 
mately the same number of tumors, no matter 
which level of protein was fed. In all groups the in- 
cidence was low, 14 to 50 per cent (groups 10-16, 
Table 1). A possible protective effect of protein 
was suggested by group 15, which received 24 per 
cent of casein and in which the incidence of tumors 
was 17 per cent, as compared to 33 per cent for a 
group on a lower level of casein. However, when 
36 per cent of protein was fed, the incidence of 
tumors was highest of all, 50 per cent (Table 1, 
group 16). 

When 0.06 per cent of DAB was fed in diets con- 
taining only low levels of protein for 3 months, fol- 


TABLE 2 


EFFECT OF LOW LEVELS OF PROTEIN ON PRODUCTION OF HEPATIC TUMORS IN RATS FED 
0.06 PER CENT OF p-DIMETHYLAMINOAZOBENZENE FOR 17 WEEKS 





; Average Average 
weight food Cir- 

Average at end intake Survival Tumors rhosis Nega- 

initial of dye- on dye at end at at tive Per 

weight feeding (gm /rat / of dye- termina- termina- _ sur- cent 

Group Diet* (gm.) (gm.) day) feeding tion tion vivors tumors 

17 6-12% casein 2-1 mg. riboflavin/kg 209 195 11.2 7/14 2 0 5 29 
18 6-12% casein 20 mg. riboflavin/kg 227 190 12.4 9/14 0 0 8 0) 
19 9-12% casein 2-1 mg. riboflavin/kg 227 220 12.4 9/14 0 3 6 0 
20 9-12% casein 20 mg. riboflavin/kg 221 218 13.4 10/14 0 0 10 0) 
21 12% casein 2-1 mg. riboflavin/kg 201 233 12.6 13/15 1 0 9 8 
22 = =12% casein 20 mg. riboflavin/kg 210 233 14.4 9/15 0 1 8 0 


*In groups 17-20 the lower level of casein was fed during the first 12 weeks of the experiment, while 12 per cent casein was fed during the last 5 weeks 
of dye-feeding and during the subsequent 8 weeks on the basal dye-free diet. In groups 17, 19, and 21, 2 mg. of riboflavin/kg of diet were fed the first 12 weeks 


and 1 mg/kg of diet during the remainder of the experiment. 


series the consumption of the high protein diet re- 
sulted in a decreased incidence of hepatic tumors, 
but this effect did not appear under all the various 
experimental conditions imposed. The most pro- 
nounced effect of protein was in a series fed 0.04 
per cent of m’Me.DAB for 18 weeks. At the end of 
the experiniental period, 100 per cent of the ani- 
mals fed 12 per cent of casein had developed tu- 
mors, while only 47 per cent of those on 24 per cent 
of casein had developed tumors (Table 1, groups 1 
and 2). However, in a second series in which this 
level of dye was fed for 14 weeks, the incidence of 
hepatic tumors on the low and high protein diets 
were 87 and 67 per cent, respectively, while the in- 
cidence of tumors in a group fed the lower level 
of casein plus 0.36 per cent methionine also was 
67 per cent (Table 1, groups 4, 5, and 6). Protein 
appeared to retard tumor formation somewhat 
when the carcinogen was 0.096 per cent o’Me.- 
DAB fed for 19 weeks; the percentages of the ani- 
mals developing tumors were 79 and 50 on the low 


lowed by 12 per cent of casein for 5 weeks, the in- 
cidence of tumors was low in all groups (Table 2). 
The highest incidence, 29 per cent, was observed 
in the group receiving the lowest level of protein. 
In line with previous experience (16, 20, 28), the 
chief effects of the low protein diets, however, were 
greater losses in weight and a generally poorer 
physical condition than those observed in the group 
receiving 12 per cent of casein throughout the 
experiment. The addition of riboflavin to the three 
diets did not affect the weights of the rats on any 
of the levels of dietary protein (Table 2), although 
riboflavin appeared to prevent the development of 
tumors at the lowest levels of casein fed. Its effect 
at higher levels could not be ascertained in this 
series, since no tumors developed in the control 
groups on 9 per cent of casein and only 1 developed 
in the groups on 12 per cent of casein. 

Storage of hepatic riboflavin.—In line with previ- 
ous observations (4, 10), the azo dyes lowered both 
the concentration of riboflavin in liver tissue and 
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the total amounts per liver (Table 3, groups 23 and 
24, 26 and 28). Even in the presence of the azo 
dyes, casein and methionine tended to improve the 
retention of riboflavin, although a supplement of 
casein (24 per cent of the diet instead of 12) was 
usually more effective than an amount of methio- 
nine equivalent to that in the supplement. In a 
typical series fed 0.06 per cent of DAB (Table 3, 
groups 29, 30, 31), 17.2 ugm. of riboflavin were 
found per gram of liver in the group fed 12 per cent 
of casein, 19.6 in the group supplemented with 
methionine, and 20.8 in the group on 24 per cent of 
casein. Improved retention was also apparent 





eee 


when the results were expressed as the total 
amount of riboflavin per liver. A similar effect of 
casein or of methionine was observed in series fed 
0.04 per cent of m’Me.DAB (Table 3, groups 32- 
34) or 0.096 per cent of o/Me.DAB (Table 3, 
groups 35 and 36). While there were fairly wide 
differences in riboflavin concentration noted be- 
tween individual values in the same group, the 
general tendency of casein to improve riboflavin 
retention was a consistent one among the various 
groups. Quantitatively, the effect of 24 per cent of 
‘asein on riboflavin retention was at least as great 
in this study as that observed previously when 


TABLE 3 


RELATIVE EFFECT OF METHIONINE AND PROTEIN ON LIVER RIBOFLAVIN IN RATS FED AZO DYES 


GROWTH DAILy 
INCRE- FOOD 
No. MENT INTAKE LIVER RIBOFLAVIN 

ANI- INITIAL (GM /RAT / (GM/RAT/ Total 

GROUP Diret* AND DYE FED MALS WEIGH1 WK) * DAY) pgm/gm Range pgm 

23 12% casein — contro! 3 246 10 15.0 19.3 16 .3-20.3 182 

24 12% casein+0.06% DABt 6 180 — 9 11.5 15.6 12.6-17.5 114 
25 12% casein+0.06% DAB+4 gm. methi- 

onine/kg 6 181 2 11.5 18.4 16.7-20.5 145 

26 12% casein+0 .064% m’Me.DAB 3 240 —10 10.0 15.5 14.8-16.2 100 
Q7 12% casein+0.064% m’Me.DAB+4 gm. 

methionine/kg 3 215 2 11.5 15.9 15.0-17.6 108 

28 12% casein, restricted control 3 249 Q 11.9 20.8 19.0-21.5 162 

29 12% casein+0.06% DAB $ 258 — @ 12.0 17.2 17.1-17.3 180 

30 12% casein+4 gm. methionine/kg+0 .06% 

DAB | 3 250 ) 14.0 19.6 15.7-22.0 184 

31 24% casein+0.06% DAB 3 270 0 14.0 20.8 19 .9-22.3 220 

32 12% casein+0.04% m’Me.DAB 3 270 —12 10.0 14.9 13 .4-16.2 109 

33 12% casein+4 gm. methionine/kg+0 .04% 

m’ Me.DAB 3 255 —13 8.1 15.6 14.7-16.5 145 

34 24% casein +0.04% m’Me.DAB 3 270 — 2 14.0 16.8 13.8-19.2 157 

35 12% casein+0 .096% o’Me.DAB 3 250 — | 12.5 17.0 16.0-17.9 176 
36 12% casein+0.096% o’Me.DAB+4 gm. 

methionine/kg 3 270 — 4 13.0 19.3 16 . 7-23 .3 200 


* Diets 23-28 contained 2 mz. riboflavin/kg; diets 29-36 contained 1 mg/kg. Feeding period tor all groups was 3 weeks. 


t DAB = p-dimethylaminoazobenzene. 


TABLE 4 
PROTECTIVE EFFECT OF HYDROGENATED COCONUT 
OIL ON HEPATIC RIBOFLAVIN IN RATS FED 
p-DIMETHYLAMINOAZOBENZENE 
(Data of Griffin and Baumann [5], Table ITI) 
Riboflavin* /total 
Time Riboflavin*/gm liver liver 
“% DAB ( wk.) (ugm.) (ugm.) 


0.06 $ 17.1—14.4= 2.7 101— 75=26 
0.09 3 18.3—15.8= 2.5 134—121=13 
0.06 3 18.2—16.2= 2.0 118—113= 5 
0.09 6 13.6—15.0=—1.4 125— 98=28 
0.09 6 17.5—17.0= 0.5 130— 95=35 
0.09 6 19.0—16.7= 2.3 94— 75=19 
Average protection due to 
hydrogenated coconut oil 1.4 21 


* The first figure indicates the average amount of riboflavin in the livers 
of rats fed hydrogenated coconut oil; the second, that in livers of the cor- 
responding control groups fed corn oil; and the third is the difference be- 
tween the two. 


diets were fed that are known to retard tumor de- 
velopment (5). 

Representative data (5) are tabulated in Table 
4, indicating the extent to which hydrogenated 
coconut oil (HCNOQ), an effective agent in retard- 
ing the development of tumors due to DAB (17), 
increases the retention of riboflavin in the liver. 
Under the various conditions of dosage studied, 
the increased retention of riboflavin in the livers 
from rats fed HCNO averaged 1.4 yugm. of ribo- 
flavin per gram of liver and 21 yugm. per total 
liver more than that in rats fed corn oil. By similar 
calculations of the data in Table 3, it can be shown 
(Table 5) that methionine is at least as effective as 
HCNO in improving the hepatic retention of ribo- 
flavin, 1.7 wgm. more per gram and 20 ugm. more 
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per liver, while protein (24 per cent instead of 12 
per cent) is distinctly better than either, 2.8 agm. 
more per gram and 44 uygm. more per liver (‘Table 
5). Nevertheless, extra protein is not particularly 
effective in retarding the development of liver tu- 
mors (‘Tables 1 and 2). The results indicate that 
the retention of riboflavin in rats in’ short-time 
experiments is only a rough indication of the re- 
sistance of the animal to azo dye tumors and ts not 
completely reliable under all dietary conditions. 


DISCUSSION 
In the present study the most obvious effect. of 


dietary protein or methionine noted in rats ex- 
posed to azo dyes was an improvement in weight 


TABLE 5 


EFFECT OF PROTEIN AND METHIONINE ON 
RIBOFLAVIN IN RATS FED AZO Dyrs 
(Data from Table 8) 


Riboflavin*® /gm 


PROTECTIVE 
HEPATIC 


Riboflavin® /total 


liver liver 
Group (age. ) (page. ) 
Protein: 
0.06% DAB 20. 8—17.2=3.6 220 — 180 = 40 
0.04% m’'Me.DAB  16.8—14.9=1.9 157 — 109 = 48 
Average protection due to protein 2.8 4h 


Methionine: 

0.06% DAB, Gwk. 18.4—1 
0.06% DAB, S wk. 19.6—1 
0.064% m'Me.DAB 15.9—15.5 
0.04% m'Me.DAB 15.6—1 
0.096% o’Me.DAB_ 19.3- 
Average protection due to methio- 

nine FB 20 


* The first figure indicates the amount of he ‘patic riboflavin in the group 
receiving extra prote in (24 per cent) or methionine; the second figure is the 
amount in the corre sponding control group on 12 per cent casein; the third 
is the difference due to protein or methionine. 


145-—Ll4=31 
I8t—1T80= 4 
1lOS—1l00= 8 
145 — 109 = 36 
200 — 176 = 24 
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maintenance and in the general appearance of the 
animals. There was some indication of a slight 
protective effect of protein against tumor forma- 
tion, but, in line with previous experiments (8, 16, 
20), the effect was not marked. Tannenbaum and 
Silverstone have failed to find any protective ac- 
tion of dietary protein against spontaneous hepa- 
tomas in mice (29). The present results with pro- 
tein suggest those recorded for diets high in cho- 
line, in which cirrhosis is depressed (15), the gener- 
al condition of the animals improved, but the 
incidence of tumors is very similar to that on con- 
trol diets (6, 15). It is doubtful whether the bene- 
ficial effects of dietary protein in rats fed azo dyes 
involve the critical carcinogenic reaction. More 
probably they represent merely another example 
of the ability of dietary protein to increase the re- 
sistance of animals to such diverse toxic agents as 
benzene (30), chloroform (19), arsphenamine (13), 


selenium = (26), and the carcinogenic — hydro- 
carbons (8), 

Dietary protein proved to be almost as effective 
In improving the retention of riboflavin in rats fed 
azo dyes as in rats not so exposed, but the signifi- 
cance of this vitamin in the precancerous liver is 
not entirely clear. Ilydrogenated coconut oil, 
which is effective in preventing the development 
of liver tumors in rats fed DAB (17), is only mod- 
erately active in maintaining normal concentra- 
tions of riboflavin in the liver (5); dietary protein, 
on the other hand, is not particularly effective in 
preventing liver tumors (‘Table 1) but is quite ae- 
live in maintaining the level of riboflavin in the 
liver (Tables 8 and 5). Nevertheless, hepatic ribo- 
flavin cannot) be completely unrelated to the 
carcinogenic process, since the administration of 
the vitamin is an effective way of suppressing the 
development of hepatic tumors due to azo dyes. 

In the determination of hepatic riboflavin: in 
groups fed carcinogenic or protective diets, the 
variations within groups are usually fairly wide, 
with some overlapping of values between groups. 
This parallels the results of experiments in which 
tumors are produced, since some individuals with- 
In any group develop tumors faster than others 
and there is an “overlapping” of values in the 
sense that a few animals on a protective diet de- 
velop tumors, while a few on the carcinogenic diet 
do not do so. It would be interesting to know 
whether the individuals that maintain the higher 
levels of riboflavin in a short-term experiment are 
also the ones most resistant to tumor development. 


SUMMARY 


Rats fed diets containing an azo dye—DAB, 
o’Me.DAB, or m’/Me.DAB—usually developed 
more hepatic tumors when the diet contained 12 
per cent of casein than when 24 per cent of casein 
or 12 per cent of casein plus methionine were fed. 
The effect of the protein on body-weight and gen- 
eral well-being, however, was much more marked 
than it was on tumor incidence. 

Both casein and methionine were effective in 
improving the hepatic retention of riboflavin by 
rats fed the azo dyes studied. The effect of 12 per 
cent of casein was greater than that of 0.4 per cent 
methionine. 
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The Effect of Diethylstilbestrol on the Incidence of 
Leukemia in Male Mice of the Rockefeller 
Institute Leukemia Strain (R.I.L.) 


James B. Murpny, M.D., ann Ernest SturM 


(From the Laboratories of the Rockefeller Institute for Medical Research, New York 21, New York) 


The incidence of leukemia in the Rockefeller In- 
stitute Leukemia strain (R.I.L.) is definitely high- 
er in the females than in the males. In a previous 
investigation it was shown that castrated males 
had an incidence as high as intact females, while 
castrated females treated with testosterone showed 
a rate closely approximating that of the normal 
males (4). In a group of intact males treated with 
theelin included in the reported study, the dosage 
used proved so toxic that the majority of test mice 
died before or in the early leukemia age period. 
Since the result of estrogen treatment was incon- 
clusive, this part of the investigation has been re- 
peated, with diethylstilbestrol instead of theelin. 


EXPERIMENTAL 
A group of 116 male mice from the R.I.L. strain 
were given weekly intramuscular injections of 0.05 
ec. of diethylstilbestrol in oil (0.05 mg.), starting 
TABLE 1 


Average age at 
death from 


leukemia Leukemia rate 
No. mice (wk.) (per cent) 
Treated males 116 44.0 71.5 
Control males 89 45.1 41.5 
Control females 40 48.3 70.0 


when the animals were 16 weeks of age. The injec- 
tions were continued over a period of 7 months, the 
number of treatments varying between 21 and 28. 
As controls, 89 males—littermates of the test ani- 
ma.s—were kept under the same laboratory condi- 
tions throughout the experimental period. In addi- 
tion, 40 intact, untreated females were set aside to 
give the leukemia rate for the period of the experi- 
ment.! 


1 During the period of inbreeding in our laboratory, the 
R.1.L. strain has shown a definite fluctuation in incidence of 
leukemia. However, a difference in incidence between males 
and females has been consistently maintained. For example, in 
1943 the rates in females was 88.4 per cent, compared to 53.5 
in males (4). In the present series the females had a rate of 70 
per cent, while the males showed a rate of 41.5 per cent. 
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The results of the test are given in Table 1 and 
graphically shown in Fig. 1. It will be noted that 
the rate in stilbestrol-treated males was 71.5 per 
cent, while that for the control males was only 
41.5 per cent. This rate for the treated males is 
almost identical with that for the control female 
group (70 per cent). The average age at which leu- 
kemia death occurred varied slightly between the 
groups. The figure for the females was 48.3 weeks; 
the treated males, 44 weeks; and the control 
males, 45 weeks. 
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Fic. 1.—The points on the curves represent the number of 
mice that had developed leukemia by the age indicated, ex- 
pressed as a percentage of the initial number of animals. 


DISCUSSION 


It was concluded in our previous communica- 
tion (4) that the male sex hormone exerted some 
inhibitory action on the development of leukemia 
in the R.L.L. strain. This conclusion was based on 
the fact that there was a marked increase in incl- 
dence of leukemia in castrated males, and a de- 
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crease In incidence in females treated with testos- 
terone. Removal of the ovaries had no effect on 
the rate in females. In this connection, however, it 
should be noted that at the time of the study the 
normal rate in females was so high (88.4 per cent) 
that further increase from removal of the ovaries 
might not have been possible. Gardner (1) and 
Lacassagne (3) have both reported that prolonged 
treatment with estrogenic hormones increases the 
leukemia rates in some strains of mice. Later, 
Gardner, Dougherty, and Williams (2) noted that 
after similar treatment the response in the increase 
in numbers of lymphoid tumors varies between 
strains, a neoplastic condition in which there is no 
sex difference in the rate of occurrence. 

In interpreting the present result, it is difficult 
to say whether the estrogen acted as a stimulant to 
the development of leukemia or through interfer- 
ence with the inhibiting action in the male hor- 
mones. The fact that the rate in stilbestrol-treated 
males was increased no more than it was following 
removal of the testicles may perhaps be taken as 
favoring the latter interpretation. 
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SUMMARY 

The Rockefeller Institute }Leukemia strain of 
mice shows a consistently higher incidence of the 
disease in females than in males. The rate in nor- 
mal males during the period of the present study 
as 41.5 per cent and the females 70. Prolonged 
treatment of male mice with stilbestrol increased 
the rate to 71 per cent, a close approximation to 
that shown by the control females. It is suggested 
that this result is due to the interference with the 
male sex hormone rather than to a direct action of 

the estrogen. 

REFERENCES 

1. GarpNeR, W. U. Influence of Estrogenic Hormones on 
Abnormal Growths. Oceas. Pub. Am. A. Adv. Sce., No. 4, pp. 
67-75. Lancaster, Pa.: Science Press, 1937. 

2. GARDNER, W. U., Douauerty, T. E., and WILuiAMs, 
W. L. Lymphoid Tumors in Mice Receiving Steroid 
Hormones. Cancer Research, 4:73—87, 1944. 

3. LACASSAGNE, A. Sarcomes lymphoides apparus chez des 
souris longuement traitées par des hormones oestrogénes. 
Compt. rend. Soc. de biol., 126: 193-195, 1937. 

4. Murpny, J. B. The Effect of Castration, Theelin, and 


‘Testosterone on the Incidence of Leukemia in a Rockefeller 
Institute Strain of Mice. Cancer Research, 4:622-624, 1944. 








The Citric Acid Content of Tumor Vissue and 


of Tumor-bearing Rats" 
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(From the Department of Biochemistry, School of Medicine and Dentistry, University of Rochester, Rochester, New York) 


A high content of citric acid has been shown by 
Dickens (1) to be characteristic of rapidly growing 
and regenerating tissue. Embryonic tissue, tissue 
of the newborn, precancerous tissues, and a wide 
variety of tumors of animals and of man were 
found by him to be high in citric acid. Since the 
non-necrotic tissue of Crocker mouse sarcoma 180 
contained more citric acid than did the necrotic 
tissue, Dickens concluded that the high citrie acid 
content was a property of the tumor tissue itself 
and not the result of a change, such as calcification 
accompanying the necrosis. 

The experiments described in this paper were 
undertaken to determine the citric acid content of 
the transplantable tumor, Walker carcinoma 256, 
and of various tissues of rats bearing this tumor. 
In some cases the whole tumor was analyzed, and 
in others the necrotic and non-necrotic portions of 
the same tumor were analyzed separately. Citric 
acid was determined on liver, kidney, spleen, 
whole blood, and blood plasma of tumor-bearing 
rats and was compared with values obtained on 
the corresponding tissues of rats in which the 
tumor did not grow after transplantation (non- 
take rats). 


MATERIALS AND METHODS 


Young male rats of the Wistar strain, main- 
tained on Purina Fox Chow and water, were used 
throughout these experiments. Tumor tissue was 
transplanted subcutaneously into the groin by the 
trocar method. The majority of the tumors made 
up from 10 to 35 per cent of the total weights 
when the animals were anesthetized, bled, killed, 
and the specified tissues removed. If liver was to 
be analyzed, the animals were deprived of food 
about 18 hours previously. Blood was obtained 
under ether anesthesia, either from the abdominal 
aorta or by heart puncture. Both whole blood and 
plasma were extracted with 10 per cent trichloro- 
acetic acid solution. Relative separation of tumor 


* This investigation was supported by a grant from the 
Donner Foundation. Presented in part at the Thirty-eighth 
Annual Meeting of the American Association for Cancer Re- 
search, Inc., at Chicago, May, 1947. 
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tissue Into necrotic and non-necrotic portions was 
carried out by careful dissection. ALL tissues were 
ground with sand and extracted with LO per cent 
trichloracetic acid) solution until extraction was 
complete. Nidneys, plasma, and occasionally blood 
from two animals carefully matehed im body- 
weight and tumor age and size were pooled, in 
order to obtains samples sufficiently large for 
analysis. 

All citric acid determinations were made by the 
method of Pucher, Sherman, and Vickery (8), 
modified previously reported (3). Among 
numerous substances tried by Pucher and others, 
the only substance found to enhance the color 
given by citric acid in this method is B-hydroxy- 
butyric acid In view of this fact, determinations 
of B-hydroxybutyric acid were carried out by 
Behre’s (4) method on samples of necrotic and 
non-necrotic tumor tissue and on kidneys. of 
tumor-bearing animals and gave colors equivalent 
to a maximum of only 0.2 per cent of the total 
amount of citric acid found. Therefore, B-hydroxy- 
butyric acid does not contribute to the values re- 
ported as citric acid. 
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RESULTS AND DISCUSSION 


The citric acid content of whole tumors and of 
non-necrotic and necrotic portions of other tumors 
is shown in Table 1. The values for the citric acid 
content of whole tumors ranged from 8.6 to 19.5 
mg. per 100 gm., with a median value of 12.3 mg. 
per 100 gm. of fresh tissue. These values are simi- 
lar to those reported by Dickens (1) for two 
Walker 256 tumors. Non-necrotic portions of tu- 
mor contained from 3.4 to 10.0 mg. of citric acid 
per 100 gm., with a median value of 5.8 mg. per 
100 gm., while necrotic portions of the same tu- 
mors contained from 20.0 to 70.4 mg. of citric acid 
per 100 gm., with a median value of 47.5 mg. per 
100 gm. The markedly higher content of citric 
acid in the necrotic center of the tumor than in the 
non-necrotic periphery is diametrically opposed 
to the findings of Dickens (1) on Crocker mouse 
sarcoma 180. 
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The citric acid content of the non-neerotic pe 
ripheral tumor tissue was inversely proportional to 
the size of the tumor, as shown in Fig. 1. This 
finding constitutes further evidence that the 
composition of the tumor is not always constant, 
a fact previously reported by Mider ef al. (5). The 
relationship between the citric acid concentration 
in the peripheral tissue and the size of the tumor 
might be the result of differences in oxygen tension 
hetween small and large tumors, 

Since the separation of tumor. tissue into 
necrotic and non-necrotic portions was not abso 
lute, the citric acid in the non-neerotie portion 
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forming citric acid, determinations of the activity 
of aconttase, the enzyme which catalyzes the eon 
version of cis-aconitie to citric acid, were carried 
out essentially by the method of Johnson (6), The 
fresh tissues were homogenized in the buffer, and 
aconttase activity was determined immediately on 
aliquots of the homogenate. The final concentra- 
Lion of cis-aconitice acid inthe incubation mixture 
wis 0.04 M, a concentration which was found 
sufficiently high for maximum activity of the 
CHAY ME. 

Aconttase activity was present in peripheral 
tumor tissue, as shown in Pable 2, but was not 


TABLE | 


Ciriec ACID CONTENT OF WALKER TUMOK 256 


‘TumMom wernt 


Creme act 
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VUMepbOn (aam.) ange Median 
Periphery (4.4 10.0 54 
' ° y Y 7 .¢ 
Center | | #1. 2-67.60 20.0704 475 
Whole tumor 1s in 4 62.0 6 10.5 12% 
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nD THE ACONITASE ACTIVITY OF PERIPHERAL AND 
CENTRAL TUMOR TISSUK 
a 
= 10 ' My. dry tissue My. citric acid 
— per ml. of ineus formed per ml, of 
P : ° Tumor tissue bation mixture ineubation mixture Qype 
a2 : , 
a” 8 . ’ Peripheral 2h () 44 15.9 
x 9 “Ae 2] 0%) i7 2 
r . 2% 0) Sl 21% 
we 9 . , ; 2.7 () 47 22 5 
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Oo 4) , % 6 {) 51 16 j 
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rc £10 20 30 5.4 7 ( 
© TUMOR % BODY WEIGHT 
. il he. . ; *Tneubation mixtures were prepared by combining % ml. of 01M 
Mia. 1.--The citric acid content (mg/100 gm wet weight) 


of peripheral tumor tissue plotted against the tumor per- 
centage of body-weight. The line is based on average values. 


might be attributed to contamination of the 
sample with necrotic tissue high in citrate. This 
possibility is unlikely for several reasons. Citric 
acid was found in pooled samples of metastatic 
growth known to be relatively free from necrosis. 
Moreover, if citric acid of the periphery were due to 
chance contamination, it is extremely unlikely 
that the regular relationship shown in Fig. 1 would 
he obtained. Citric acid seems to be a metabolic 
product of actively growing tumor tissue. 

The high content of citric acid in the center of 
the tumor might be due to (a) increased formation 
or decreased oxidation of citric acid within the 
center or (6b) accumulation of citric acid formed in 
the periphery. In order to find out whether the 
tissue in the center of the tumor is capable of 


phosphate buffer of pH 7.4; 1 ml, of 0.2 M cin-aconitic acid neutralized in ice- 
cold water with wlid NaHCOs: and 1 ml. of the tissue homogenate in 
0.1 M phosphate buffer of pH 7.4. Incubation was carried out for 1 hour 
at 40°C, under anaerobic conditions, 


found in the tissue from the center of the tumor. 
Therefore, one can assume that citrate 1s not 
formed in the center of the tumor through the 
action of aconitase. Instead, the citric acid formed 
in the periphery may have accumulated in the 
center and been held there, perhaps in combina- 
tion with some cation which would remove it from 
active metabolism. The rapid growth of the pe- 
riphery and the poor blood supply of the center, 
which would foster anaerobic conditions, would 
also contribute to the accumulation of citrie acid 
in the center. 

Values for the citric acid content of organs of 
tumor-bearing rats and of rats in which the tumor 
did not take are shown in Table 3. In general, the 
average values for citric acid were higher in the 
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organs of animals with tumor. The exception 
presented by whole blood is not surprising, since 
Gathe and Nygaard (7) showed that citrate added 
to whole blood remained in the plasma. On the 
other hand, plasma of animals with tumor was 
higher in citrate than was the plasma of “non- 
take” rats. 

Two explanations can be offered for the higher 
citrate content of the organs of tumor-bearing rats. 
The citrate formed in the tumor in large quanti- 
ties or oxidized slowly might be carried in the 


3. ‘The citric acid content of the peripheral 
tumor tissue was inversely proportional to the 
size of the tumor. 

4. Plasma, liver, kidney, and spleen of rats 
bearing tumor were higher in citrie acid than were 
similar tissues of “non-take” rats. 
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TABLE 


CITRIC ACID CONTENT OF RAT TISSUES 
(Mg /100 Gm Wet Weight) 


3 


TUMOR ANIMALS NON-TAKES 





No. of No. of No. of No. of 
Tissue rats analyses Mean Range rats analyses Mean Range 
Whole blood* 22 ll 4.63 3.67- 6.54 20 10 4.98 $. 43-6. 58 
Plasma* 25 12 6.29 4+.80— 7.88 20 10 4.86 4.19-5. 62 
Kidney 50 21 8.88 6. 46-12.40 dz 19 6.11 4.05-7 .64 
Liver 29 29 5.97 $.51-10.47 21 21 4.41 $.06-5.72 
Spleen 21 10 8.23 6. 06-10.94 $7 10 6.81 4.14-8.77 


* Mg/100 ml. 


plasma and accumulate in the liver, kidney, and 
spleen. Or, in line with the many observations on 
the chemistry of the tumor-bearing host assembled 
by Greenstein (8), the presence of neoplasm in the 
animal may have caused the various organs to 
assume “chemically neoplastic qualities,”’ result- 
ing in an increased formation or decreased utiliza- 
tion of citrate. 


SUMMARY 


1. Walker 256 rat tumors contained more citric 
acid in the nongrowing center than in the growing 
periphery. 

2. Aconitase activity was present in the periph- 
eral tissue but was completely absent from the 
center. 
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Induction of Mammary Cancer with Methylcholanthrene’ 


Il. Histological Similarity between Carcinogen-induced 


Tumors and Certain Mammary Neoplasms 


Occurring Spontaneously 


Artruur KirscuBaum, Pu.D., M.D. 


(From the Department of Anatomy, University of Minnesota Medical School, Minneapolis, Minnesota) 


The onset of mammary cancer has been accel- 
erated in female mice of the dba stock by the ad- 
ministration of carcinogenic hydrocarbons (4, 8, 
11). When the milk-agent was excluded by foster- 
nursing or by hybridization (e.g., F; hybrid crosses 
between dba males and females of a second stock 
lacking the milk-agent), it was still possible to in- 
duce mammary cancer by administering methyl- 
cholanthrene (7, 10). In the low mammary cancer 
NHO stock, methylcholanthrene was carcinogenic 
for the mammary gland (13). 

Carcinogen-induced adenocarcinomas of the 
mouse mammary gland are characterized by a 
large amount of squamous epithelial metaplasia, 
whether the carcinogen 1s dissolved in benzene and 
applied to the skin overlying the mammary gland 
(8, 10), injected intravenously (7), administered 
intranasally in oil (8), or applied subcutaneously 
at sites far removed from the development of 
mammary cancer (6). This histologic picture could 
be interpreted as a specific result of the keratiniz- 
ing influence of the carcinogenic hydrocarbon; 
keratinized masses are to be found within only 10 
per cent of the adenocarcinomas arising spontane- 
ously in stocks which possess the milk-agent and 
exhibit a high incidence of mammary cancer (3). 

In a report comparing the histology of spon- 
taneous and carcinogen-induced mammary cancer 
it was concluded that the spontaneous and induced 
tumors are dissimilar in both their final structure 
and their histogenesis (10). The spontaneous 
mammary tumors studied had arisen in mice pos- 
sessing the milk-agent. Recently the author has 
studied mammary tumors arising spontaneously 
in hybrid crosses between females of the low mam- 
mary cancer NH! strain and males of subline 212, 


* This investigation has been aided by grants from the 
Jane Coffin Childs Memorial Fund for Medical Research, the 
National Cancer Institute, and the Cancer Fund of the Gradu- 
ate School of the University of Minnesota. 


93 


strain dba. The histologic structure of these tu- 
mors was found to be similar to that observed in 
the carcinogen-induced mammary cancers. This 
material is being presented, and its possible sig- 
nificance is discussed. 


MATERIALS AND METHODS 


Untreated breeding female mice of the NH 
stock were observed for spontaneous mammary 
cancer. In approximately 500 females only one 
mammary tumor has been seen (Fig. 1). NH mice 


TABLE 1 


OCCURRENCE OF MAMMARY TUMORS IN HYBRID 
MICE OF THE NH AND DBA-(212) STRAINS 


No. with Age of 
No, of mammary mammary 

Genetic constitution mice cancer cancer (months) 
NHXD F;,* 1s $ $0. 34 
NHDX*NHD F, 15 $ 22-30 
NHD XD back-cross 22 Q 22-26 
Total or range 55 4 22-34 


* 1) indicates dba-212, 


were crossed with animals of the dba strain (sub- 
line 212), so that the maternal influence was al- 
ways provided by the NH stock. The groups and 
numbers of hybrid mice studied are presented in 


Table 1. 


Hybrids all were breeding animals and were ob- 
served for the occurrence of mammary tumors. 
Those neoplasms which appeared were studied 
histologically. Comparison was made between the 
sections of these tumors and of mammary tumors 
in our collection (a) arising spontaneously in mice 
with the milk-agent, Strong A, dba, and (C,H 
dba) F,; hybrids, and (6) induced by methyl- 
cholanthrene in mice with, e.g., dba-212, and with- 

! NH mice obtained from Dr. L. C. Strong, of Yale Univer- 


sity School of Medicine, in the eighth inbred generation in 
1941 and now in the twenty-fifth inbred generation. 








Fics. 1 To 3 
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out the milk-agent, e.g., Zb mice (10) and the 
progeny of dba-212 mice fostered by a Zb female. 
Methylcholanthrene was dissolved in benzene 
(0.25 per cent solution) and was painted on the 
skin three times weekly for from eighteen to fifty 
times, the site of painting being varied to delay the 
development of skin tumors (4). 


OBSERVATIONS AND DISCUSSION 

The incidence and age of appearance of mam- 
mary tumors in the hybrid mice are presented in 
Table 1. The incidence of mammary tumors was 
low. This, together with the late appearance, sug- 
gests that the milk-agent is not present in the NH 
stock. 

The typical appearance of these tumors is 1l- 
lustrated in Figs. 1 and 2. Histologically they are 
indistinguishable from methylcholanthrene-in- 
duced cancers (Fig. 3). The large amount of 
squamous metaplasia differentiated them from the 
spontaneous mammary adenocarcinomas of high 
cancer stocks, in which islands of keratinized 
epithelium are found in only a small per cent (9). 
Unfortunately, tumors of F; hybrid mice of the 
dba X NH cross were not studied histologically. 
Such mice would be genetically identical with the 
F, hybrids studied here and would also possess the 
milk-agent. 

Unpublished data from another laboratory also 
reveal that, in spontaneous mammary tumors aris- 
ing in very old hybrid mice without the milk- 
agent, considerable amounts of squamous epithe- 
lial tissue are present (11). Other observations in- 
dicate that spontaneous tumors appearing in the 
absence of the milk-agent are not necessarily of 
this histologic type (12) and may not be essentially 
different histologically from tumors associated 
with the milk-agent (6). 

The microscopic structure of mouse mammary 
cancer described and illustrated here (adenocar- 
cinoma with squamous metaplasia) can be corre- 
lated with etiology other than the milk-agent (in 
one case carcinogenic hydrocarbon and in the 
other unknown). The carcinogen-induced neo- 
plasms of the mammary gland of mice resemble 
certain spontaneous tumors of this species, but 
these are not the spontaneous adenocarcinomas 
usually studied and described for mice. They are 
tumors not ordinarily seen, since they appear in 
very old females of populations in which the 
mammary tumor incidence is low, that is, females 
without the milk-agent. 








Studies are in progress (in collaboration with 
Dr. John Bittner) to ascertain whether a mam- 
mary tumor-—inciting agent can be extracted from 
these tumors characterized histologically by 
squamous metaplasia. 


SUMMARY 


Spontaneous mammary adenocarcinomas in hy- 
brid mice of certain genetic constitution, and pre- 
sumably without the milk-agent, exhibited a pro- 
nounced degree of squamous metaplasia. The 
structure of these tumors was similar to that seen 
regularly in methylcholanthrene-induced mam- 
mary cancers. It is suggested that this histologic 
type of mammary tumor may be indicative of de- 
velopment independent of the milk-agent. 
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Fig. 1—Mammary tumor arising spontaneously in the 
strain NH female. The only mammary cancer which has been 
seen in this stock. Large amount of squamous epithelial meta- 
plasia. Mag. X70. 

Fic. 2—Mammary tumor arising in an F, hybrid female 
(NH Xdba). Both squamous epithelial tissue and epithelium 


exhibiting the acinar arrangement of mammary adenocarci- 
noma present. Mag. 150. 

Fic. 3.—Mammary tumor induced with methylcholan- 
threne in a Zb female (C3H lacking the milk-agent). Histo- 
logically, carcinogen-induced tumors are identical with 
mammary tumors arising spontaneously in females without 
the milk-agent. Mag. X70. 








Studies on the Intracellular Composition of Liver and Liver 
Tumor from Rats Fed 4-Dimethylaminoazobenzene* 


J. M. Price,t M.S., J. A. Mi_ver, Pu.D., E. C. Mitier, Pu.D., 
AND G. M. Weser, B.S. 


(From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison 6, Wisconsin) 


In a previous study (8) the livers of rats fed the 
hepatic carcinogen, 4-dimethylaminoazobenzene, 
were separated by differential centrifugation into 
the nuclei, large granules (mitochondria), small 
granules (microsomes), and a supernatant fluid 
(particles nonsedimentable at 19,000 X g). Anal- 
yses for protein, nucleic acids, riboflavin, and pro- 
tein-bound aminoazo dye were made on each frac- 
tion. The ingestion of the dye in a diet low in ribo- 
flavin increased the protein and desoxypentosenu- 
cleic acid content of the nuclear fraction. In diets 
containing either low or high levels of riboflavin, 
4-dimethylaminoazobenzene reduced the _ribo- 
flavin content of the large granules and superna- 
tant fluid, lowered the level of protein in the large 
granules, and decreased the pentosenucleic acid 
content of the large and small granules. Protein- 
bound dye was found in all the fractions, with the 
highest concentrations occurring in the small gran- 
ules and supernatant fluid. 

The protein-bound dyes appear to have causal 
significance in the carcinogenic process induced by 
4-dimethylaminoazobenzene (6). Since the level 
of protein-bound dye in the liver reaches a maxi- 
mum at 4 weeks and thereafter decreases (6), the 
above studies were made on rats fed the dye for 
this length of time. However, hepatic neoplasms 
do not occur until the dye has been fed for several 
months beyond this maximum. Therefore, it was 
of interest to compare the intracellular composi- 
tion of the liver in rats fed the dye for 4 to 5 
months and the tumors arising in such livers. 


METHODS 


Source and preparation of tissues.—Male rats 
of the Sprague-Dawley strain! and weighing 175 to 
200 gm. were fed ad libitum a semisynthetic diet 
(9) containing 0.06 per cent 4-dimethylaminoazo- 


* This work was supported by grants from the National 
Cancer Institute, United States Public Health Service, and 
the Jane Coffin Childs Memorial Fund for Medical Research. 

+ Predoctorate Research Fellow, National Cancer Institute. 


1 Obtained from the Holtzman Rat Company, Madison, 
Wisconsin. 
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benzene and 1.0 mg. of riboflavin per kilogram. 
After 4 to 5 months animals with suitable tumors 
were selected by exploratory laparotomy. For each 
fractionation of liver free of gross tumors, 2 ani- 
mals were killed with ether and the livers were 
perfused in situ (8). All visible tumors were re- 
moved, and the remaining liver tissue was used for 
analysis. Each liver exhibited gross signs of cirrho- 
sis due to the carcinogen. 

The perfusion was omitted in the fractionations 
of tumor tissue, since analyses for protein-bound 
dye indicated that nonperfused tumors were as 
low in interfering blood pigments as either per- 
fused tumors or perfused livers. This shortened the 
time required to collect the tumors, since 6 to 9 
rats were necessary to supply enough tumor for 
each fractionation. After excision, each tumor was 
halved and inspected for signs of degeneration. All 
acceptable tumors were immediately placed in an 
ice-cold beaker, and the tumor pool was freed of 
external blood by washing with ice-cold isotonic 
KCl before homogenization. Four fractionations 
were made on pools of firm tumors less than 1.0 
cm. in diameter. Two of these fractionations were 
made on tumors collected while the rats were still 
receiving the carcinogen, while the other two were 
made after the rats had been fed the same diet 
without 4-dimethylaminoazobenzene for an addi- 
tional 2 to 4 weeks. After this period onthe dye- free 
diet, no free (7) or protein-bound (6) dye can be 
detected in the liver. For comparison, one fraction- 
ation was carried out on degenerating liver tu- 
mors. These neoplasms were larger, 1 to 2 cm. in 
diameter, and all showed some signs of central 
softening, although no tumors with fluid interiors 
were used. All these tumors showed sufficient gross 
evidence of necrosis to have excluded them from 
the other fractionations. 

Homogenates of the livers and tumors were pre- 
pared in 0.88 M sucrose solution, as described pre- 
viously (8). All operations were performed in 4 
cold room at 3° C. 

Differential centrifugation—The procedure de- 
scribed previously (8) was used. All centrifuga- 
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tions of the nuclear fraction were made at 600 X g 
for 10 minutes (8, ef. n. 3). Three to 5.4 gm. of 
tumor and 7.2 gm. of liver were used for each frac- 
tionation. 

Analytical procedures.—Protein, nucleic acids, 
riboflavin, and protein-bound dye were determined 
as previously described (8). 

('ytological methods.—The tissues were fixed in 
Mossman’s modification of Lavdowsky’s formalin, 
alcohol, and acetic acid mixture (4), imbedded in 
paraffin, and cut at a thickness of 5 yw. Adjacent 
sections were stained with hematoxylin and eosin 
and by the Feulgen method (5). For each Feulgen- 
stained slide a control section was put through the 
same procedure, except that the acid hydrolysis 
was omitted. 
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tions compared with the whole homogenate) var- 
ied from 94 to 101 per cent (average 99). 
Desoxypentosenucleie acid distribution —On an 
average, the tumors contained over twice as much 
desoxypentosenucleic acid as did the livers, wheth- 
er the data were calculated on a fresh-weight or a 
protein basis (Table 2). However, as a result of the 
large increase in the protein content of the nuclear 
fraction of the tumors, the concentration of des- 
oxypentosenucleic acid in this fraction was only 
114 mg. per gram of protein as compared to 91 mg. 
per gram for the livers. In the livers 93 to 98 per 
cent of the total desoxypentosenucleic acid was 
found in the nuclear fraction and 4 to 6 per cent in 
the large-granule fraction. In contrast, the nuclear 
fraction of the tumors contained only 82 to 91 per 


TABLE 1 


DISTRIBUTION OF PROTEIN IN LIVER AND TUMOR FRACTIONS 
(Milligrams of Protein per Gram of Fresh Tissue; the Figures to the Nearest Whole Number) 


DEGENERAT- 
Tumors COLLECTED ING 


FRACTION LIVER FREED OF TUMORS During dye-feeding After dye-feeding TUMORS 
FRACTIONATION NO. 
1 2 3 4 5 6 7 
Whole homogenate 139 123 122 117 121 129 124 
Nuclei 30 23 41 43 40 42 40 
Large granules 39 36 11 14 13 14 14 
Small granules 13 14 13 10 14 14 13 
Supernatant fluid 55 49 55 44 56 60 57 
Recovery 137 122 120 11] 123 130 124 
RESULTS cent of the total, with 8 to 14 per cent distributed 





Qualitative observations.—Unlike the relatively 
normal livers used in the previous study (8) and 
the cirrhotic livers studied here, the tumor tissue 
did not leave a mat of fibrous material in the tissue 
mincer (8) that was employed prior to homogeniza- 
tion. During the fractionations it was very evident 
that the volumes of the nuclear and large-granule 
fractions of the tumors were larger and smaller, re- 
spectively, than the corresponding fractions of the 
livers. It was also noted that the centrifuged pellet 
of small granules from the tumors possessed a 
buff color, in contrast to the amber red of the cor- 
responding fraction from the livers. 

Protein distribution —The total protein contents 
of the livers and the various groups of tumors were 
not significantly different, but the intracellular 
distribution of protein changed considerably when 
the liver became neoplastic (Table 1). There was a 
sharp increase in the protein content of the nu- 
clear fraction from an average of 27 mg. per gram 
of liver to an average of 41 mg. per gram of tumor, 
with a concomitant decrease in the average pro- 
tein content of the large-granule fraction from 38 
to 13 mg. of protein per gram of the respective 
tissues. The recovery of protein (sum of the frac- 


among the three cytoplasmic fractions. The intra- 
cellular distribution of this nucleic acid was similar 
in both the small firm tumors and in those showing 
gross signs of necrosis and degeneration. It is of in- 
terest to note that, when the same fractionation 
procedure was applied to the livers of rats fed 4-di- 
methylaminoazobenzene for only 4 weeks, there 
was no detectable desoxypentosenucleic acid in 
any of the cytoplasmic fractions (8, cf. n. 3). 
Cytological search for cytoplasmic particles con- 
taining desoxypentosenucleie acid.—MAcroscopic 
examination was employed to determine the origin 
of the desoxypentosenucleic acid in the cytoplas- 
mic fractions. The tissues examined included sec- 
tions of each of the 20 tumors used in fractionation 
No. 3; 7 other liver tumors which were removed 
with a liberal quantity of surrounding liver; and 
8 liver samples from rats fed the azo dye for only 
4 weeks. All the tumors examined were primary, 
malignant neoplasms of the liver similar to those 
described by Edwards and White (2). In some 
cases small amounts of liver were found on the 
periphery of tumors which had been grossly freed 
from liver; on the average, however, the liver cells 
appeared to constitute less than 5 per cent of the 
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tissue mass. The quantity of connective tissue tive and were much more numerous than the 
‘aried from practically none in well-differentiated basophilic inclusion bodies. 


hepatomas to almost 50 per cent in some adeno- Pentosenucleic acid distribution. —The increase 
carcinomas. Possibly as much as 15 per cent of the in total pentosenucleic acid from 5.23 mg. per 
mass of a tumor pool was connective tissue. gram of liver to 7.03 mg. per gram of tumor was 


Particularly evident in the Feulgen-stained sec- the resultant of a doubling of the amount in the 
tions of the tumors was the diffuse infiltration of | nuclear and supernatant fluid fractions and a de- 
polymorphonuclear leukocytes and a few round crease in the level to one-half in the large-granule 
cells (Fig. 1). The tissue spaces often contained fraction (Table 3). In the large-granule fraction, 
numerous leukocytes and necrotic tumor cells however, the concentration of pentosenucleic acid 
(Fig. 2). Small Feulgen-positive particles, which per gram of protein increased from 42 mg. per 
varied from about 5 uw to less than 0.5 uw in size, gram for liver to 52 mg. per gram for tumor. 
were associated with the areas containing numer- On an average, 44 per cent of this nucleic acid 
ous leukocytes. These particles were probably de- was found in the supernatant fluid fraction 


TABLE 2 
DISTRIBUTION OF DESOXYPENTOSENUCLEIC ACID IN LIVER AND TUMOR FRACTIONS 
LD EGENERAT- 
‘TUMORS COLLECTED ING 
FRACTION LIVER FREED OF TUMORS During dye-feeding After dye-feeding TUMORS 
FRACTIONATION NO. 


I 2 3 4 5 6 7 


MILLIGRAMS OF NUCLEIC ACID PER GRAM OF FRESH TISSUE 


Whole homogenate 2.61 2 37 5.20 6.04 5.21 5.72 5.28 
Nuclei 2.57 2.20 4.54 4.95 4.73 4.73 4.57 
Large granules 0.09 0.14 0.20 0.47 0.25 0.33 0.18 
Small granules 0.00 0.00 0.06 0.05 0.06 0.09 0.09 
Supernatant fluid 0.00 0.00 0.18 0.34 0.18 0.19 (). 24 
Recovery 2.70 2.34 4.98 5.81 5.22 5.34 5.08 
MILLIGRAMS OF NUCLEIC ACID PER GRAM OF PROTEIN * 
Whole homogenate 19 19 43 52 43 44 43 
Nuclei 86 96 111 115 118 118 114 
Large granules 2 4 18 34 19 24 13 
Small granules 0 0 5 5 4 6 7 
Supernatant fluid 0 0 3 8 3 3 4 


* The figures to the nearest whole number. 


rived from disintegrating tumor cells and leuko- of the tumors, while the same fraction of liver 
cytes. Occasionally these particles were found in contained only 28 per cent of the total. The re- 
the cytoplasm of the tumor cells, probably as are-  coveries ranged from 93 to 102 per cent (average 
sult of phagocytosis (3). Both the Feulgen-posi- 97). 
tive particles and the polymorphonuclear leuko- Riboflavin distribution.—The riboflavin content 
; cytes were practically absent from livers of rats of the livers and tumors averaged 5.5 and 3.9 yugm. 
fed 4-dimethylaminoazobenzene for only 4 weeks per gram of fresh tissue, respectively (Table 4). 
and rare in livers examined after 4 months of dye- While the riboflavin content of the large-granule 
feeding. Occasionally Feulgen-positive, basophilic fraction decreased from 2.6 wgm. per gram of liver 
inclusion bodies were seen in the cytoplasm of an to 1.2 ugm. per gram of tumor, the concentration 
apparently intact tumor cell (Fig. 3). This oc- per gram of protein in this fraction was 68 ygm. in 
curred most frequently on the margin of a space _ the liver and 93 in the tumor. Similarly, the small- 
containing numerous white blood cells and only oc- granule fraction in the tumor contained less ribo- 
-casionally in areas where there were very few flavin, but in this fraction the concentration per 
leukocytes. These Feulgen-positive bodies appear gram of protein was less than in the corresponding 
to be the basophilic cytoplasmic inclusion bodies fraction of liver. On an average, the recovery of 
described by Edwards and White (2). Large, riboflavin in the fractions was 107 per cent. 
acidophilic cytoplasmic inclusion bodies similar to Distribution of protein-bound aminoazo dye.—lt 
those described previously (2) were found in many’ was previously shown that no detectable amount 
of the tumors (Fig. 4). These were Feulgen-nega- of the protein-bound dyes occurs in the tumors in- 














Fics. 1 to 4.—Tissues represented by the figures on this plate were stained by 
the Feulgen method for desoxypentosenucleic acid. The Feulgen-positive material 
appears black in these photographs. 

Fic. 1.—Tumor with moderate degree of infiltration with polymorphonuclear 
leukocytes and round cells. 500. 

Fic. 2.—Same tumor, showing a large tissue space filled with leukocytes, necrotic 
cells, and debris. Note the small Feulgen-positive particles, some of which appear 
to be extra-cellular. Margin of tumor is seen at upper edge of figure. 500. 

Fic. 3.—Tumor showing Feulgen-positive cytoplasmic inclusion bodies (arrow). 
These stained more densely and uniformly than did the nuclei. < 1200. 

Fic. 4.—Tumor with several Feulgen-negative cytoplasmic inclusion bodies (ar- 
rows). * 500. 
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duced by 4-dimethylaminoazobenzene (6), and 
in the present studies no bound dye could be found 
in any of the tumor fractions. These dyes have an 
absorption maximum at 520 muy in acid solution 
and are determined by the optical density of acid 
solutions of the dye after extraction from alkaline 
hydrolysates of the protein. Such solutions ob- 
tained from the various tumor fractions did not 
absorb maximally at 520 mu, and the low optical 
densities found were similar to the nonspecific ab- 
sorptions noted for comparable fractions from the 
livers of rats fed diets not containing the azo dye 
(8). 

The liver surrounding the tumors contained 
protein-bound dye in all the fractions (Table 5), 
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but the amount of dye in each fraction was about 
half that found after 4 weeks of dye-feeding (8), 
Furthermore, in a single fractionation of the livers 
of rats fed the dye for only 1 week, the percentage 
distribution of protein-bound dye was similar to 
that observed after either 4 weeks or 4 months. 
Thus the changes in the levels of protein-bound 
dye apparently occur uniformly in the various 
fractions. Throughout the period of carcinogenesis 
the proteins of the supernatant fluid fraction con- 
tained the highest concentration of protein-bound 
dye. 
DISCUSSION 

Many of the changes previously found (8) in the 

livers of rats fed 4-dimethylaminoazobenzene for 


TABLE 83 


DISTRIBUTION OF PENTOSENUCLEIC ACID IN LIVER AND TUMOR FRACTIONS 


D GENERA T- 

TUMORS COLLECTED ING 

FRACTION LIVER FREED OF TUMOR During dye-feeding After dye-feeding TUMORS 
FRACTIONATION NO, 
] 2 3 4 5 6 7 
MILLIGRAMS OF NUCLEIC ACID PER GRAM OF FRESH TISSUE 
Whole homogenate 5.27 5.17 7.03 6.13 7.59 6.88 7.50 
Nuclei 0.87 0.77 1.80 1.82 1.77 1.57 1.78 
Large granules 1.47 1.61 0.63 0.66 0.76 0.71 0). 67 
Small granules 1.08 1.338 1.24 1.09 1.26 1.32 1.58 
Supernatant fluid 1.56 1.37 3.20 2.62 3.22 $3.25 3.06 
Recovery 4.98 5.08 6.87 6.19 7.01 6.85 7.09 
MILLIGRAMS OF NUCLEIC ACID PER GRAM OF PROTEIN* 

Whole homogenate 38 42 58 52 63 53 61 
Nuclei 29 33 44 42 +4 37 44 
Large granules 38 45 57 47 58 51 48 
Small granules 83 95 95 109 90 94 122 
Supernatant fluid 28 28 58 60 58 54 54 


* The figures to the nearest whole number. 


TABLE 4 


DISTRIBUTION OF RIBOFLAVIN IN LIVER AND TUMOR FRACTIONS 


DEGENERA T- 
TUMORS COLLECTED ING 





FRACTION LIVER FREED OF TUMOR During dye-feeding After dye-feeding TUMORS 
FRACTIONATION NO. 
I 2 3 4 5 6 7 
MICROGRAMS OF RIBOFLAVIN PER GRAM OF FRESH TISSUE 
Whole homogenate 5.7 5.3 4.1 4.1 4.0 3.9 3.5 
Nuclei 0.8 0.5 0.8 0.7 0.8 0.8 0.7 
Large granules 2.6 2.5 1.0 1.2 1.8 1.4 1.2 
Small granules 0.9 0.9 0.6 0.5 0.7 0.6 0.7 
Supernatant fluid 1.7 1.2 2.0 1.8 1.6 1.5 1.3 
Recovery 6.0 5.1 4.4 4.2 4.4 4.3 3.9 
MICROGRAMS OF RIBOFLAVIN PER GRAM OF PROTEIN* 
Whole homogenate 41 43 34 35 33 30 28 
Nuclei 27 22 20 16 20 19 18 
Large granules 67 69 91 86 100 100 86 
Small granules 70 64 46 50 50 43 54 
Supernatant fluid 31 24 36 41 29 25 23 


* The figures to the nearest whole number. 
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4 weeks were continued to the neoplastic state. 
Thus the tumors contained even higher levels of 
both protein and desoxypentosenucleic acid in the 
nuclear fraction than did the livers analyzed after 
either 4 weeks or 4 months. Furthermore, the 
large-granule fraction of the tumors contained 
only half as much protein, pentosenucleic acid, and 
riboflavin as did the same fraction of livers from 
rats fed the dye for only 4 weeks. On the other 
hand, the large granule fraction of the livers from 
rats fed the dye for 4 months (1.e., the liver sur- 
rounding the tumors) contained slightly more pro- 
tein and pentosenucleic acid but only two-thirds as 
much riboflavin as was observed at 4 weeks. The 


TABLE 5 


DISTRIBUTION OF PROTEIN-BOUND AMINOAZO DYES 
IN LIVER FREED OF TUMOR 
(Measured in Acid-Ethanol at 520 my and Corrected for 
Nonspecific Absorption [8]) 


LOG 1./1lX 104 
(PER GM. FRESH TISSUE) 


Loa 1,/1X« 104 
(PER GM. OF PROTEIN) 


FRACTION I RACTIONATION NO. 
l 2 l 2 
Whole homogenate 252 217 1810 1760 
Nuclei $5 20 1170 870 
Large granules 43 34 1100 940 
Small granules 24 29 1850 2070 
Supernatant fluid 149 134 2710 2740 
Recovery 251 217 whos aces 


increased pentosenucleic acid content of the tu- 
mors and the decreased protein content of the 
large-granule fraction of the tumors are in agree- 
ment with the earlier findings of Schneider (10). 
The large amount of pentosenucleic acid in the 
supernatant fluid from thetumorsis striking. Brach- 
et and Jeener (1) found large quantities of this con- 
stituent in the nonsedimentable (at 200,000 x g) 
portion of embryonic tissue and little or none in 
the same fractions of adult homologous tissue. Their 
studies did not include tumors, and further work 
on this point is desirable. 

It is probable that the extra-nuclear desoxy- 
pentosenucleic acid found in the livers and _ par- 
ticularly in the tumors was largely derived from 
fragments of the nuclei of polymorphonuclear 
leukocytes and necrotic tumor cells, since histo- 
logic examination of these tissues disclosed the 
presence of large numbers of Feulgen-positive 
bodies of varying size in areas where these cells 
were numerous. This conclusion is strengthened by 
the fact that, after only 4 weeks of dye-feeding, 
polymorphonuclear leukocytes were absent from 
the liver; and in this case all the desoxypentosenu- 
cleic acid was found in the nuclear fraction. In an 
analogous finding, Sherry et al. (11) noted large 
numbers of extra-nuclear and extra-cellular Feul- 
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gen-positive granules accompanied by white blood 
cells in sterile, as well as in purulent, pleural exu- 
dates from patients with pneumonia. It is recog- 
nized that the presence of white cells and connec- 
tive tissue in the tumors studied here may be re- 
sponsible in part for some of the changes in com- 
position that were observed. The presence of some 
undesired tissue seems unavoidable in these frac- 
tionation studies. 

While the azodye produces considerable changes 
in the composition of the liver (8), the tumors 
which developed for 2 to 4 weeks in livers no longer 
subjected to the azo dye had the same composition 
as tumors collected during dye-feeding. Moreover, 
none of the fractions of the tumors collected during 
dye-feeding contained any detectable amount of 
protein-bound aminoazo dye. These aspects fur- 
ther emphasize the autonomous nature of the tu- 
mors. 


SUMMARY 


1. The livers and liver tumors of rats fed 4-di- 
methylaminoazobenzene for 4 to 5 months were 
homogenized and separated by differential cen- 
trifugation into the nuclei, large granules, small 
granules, and a supernatant fluid (particles non- 
sedimentable at 19,000 « g). The homogenates 
and fractions were analyzed for protein, nucleic 
acids, riboflavin, and protein-bound aminoazo 
dyes. 

2. Although the total protein contents of the 
livers and tumors were similar, the nuclear frac- 
tion of the tumors contained 52 per cent more, and 
the large granules 63 per cent less, protein than did 
the corresponding fractions of the livers. 

3. Some desoxypentosenucleic acid was found 
in the large-granule fraction of the livers and in all 
the cytoplasmic fractions of the tumors. Histologi- 
cal evidence is presented that this unusual dis- 
tribution of desoxypentosenucleic acid was largely 
due to fragments of the nuclei of white blood cells 
and necrotic tumor cells. 

4. The nuclear and supernatant fluid fractions 
of the tumors contained almost twice as much 
pentosenucleic acid, and the large-granule fraction 
only half as much, as did the same fractions of the 
livers. 

5. The large-granule fraction of the tumors con- 
tained only half as much riboflavin as did the same 
fraction of the livers, but the concentration of the 
vitamin per gram of protein increased by 38 per 
cent. 

6. No protein-bound dye was detected in any 
of the tumor fractions. The percentage distribu- 
tion of bound dye in the various fractions of the 
livers was constant from 1 week to 4 months. 
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7. While the composition of each fraction of the 
liver was altered by the ingestion of the dye, the 
fractions of the tumors collected either during or 
after feeding of the dye were nearly the same in 
composition. 
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IN'FRODUCTION 


Nucleic acids are known to occur in both plant 
and animal tissues, where they are thought to 
exist In combination with protein substances 
within the nucleus and in the cytoplasm. Certain 
of these nucleoproteins are thought to take part in 
the processes of cellular reproduction which are so 
important in the uncontrolled growth of malignant 
tissue. ‘The chromosomes themselves seem to be 
largely made up of nucleoproteins, which thus 
become self-duplicating units, as was re-empha- 
sized by Mirsky (14). However, Stedman (20) has 
claimed that the genetic protein is not nucleo- 
protein but a third substance called ‘“‘chromo- 
somin.”’ The importance of a more complete 
understanding of the chemistry of these com- 
pounds 1s apparent to all investigators in the fields 
of neoplasia and cellular reproduction. 

Gulland (9) in a recent review has further 
stressed the concept of an autosynthetic molecule 
as a biological unit necessary for the reproduction 
of cells. This review also contains a discussion of 
the relationship of nucleoproteins to this problem 
and of the nature of the nucleic acid to protein 
bond. Our present knowledge of the chemistry and 
cytology of cellular reproduction would indicate 
that the nucleoproteins are extremely active and 
necessary components in the process. 

Many studies have been made on the chemical 
nature of the bond which presumably links the 
nucleic acids with the proteins in the cell. Only a 
few investigations have been designed to deter- 
mine the chemical nature of the recombination 
products formed in vitro by nucleic acids with pro- 
teins such as those with which they might com- 
bine in vivo. At an early period in the investiga- 
tion of nucleic acid chemistry, Milroy (13) showed 
that nucleic acids may combine with proteins 
in vitro. These combination products were thought 

* Aided by a grant from the Georgia Division of the 
American Cancer Society. 
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to behave like the naturally occurring nucleo- 
proteins which were prepared and studied at that 
time. Hammersten (10) in his classical study of 
thymus nucleic acid in 1924 carried out the first 
attempt to recombine histone and nucleic acid and 
to study the chemical properties of the reformed 
nucleoprotein. Since Hammersten’s work, little 
interest has been exhibited in extending investiga- 
tions of the chemical nature of such recombina- 
tion products, although such study might lead to 
indirect evidence concerning the linkage between 
nucleic acids and proteins as it exists in the cell. 
The general impression appears to be that this 
nucleic acid—protein bond is not a firm one. This 
is suggested by the ease with which it may be 
broken during manipulation incident to the isola- 
tion of nucleoprotein from tissues (17). 

Greenstein (4, 5, 6) has carried out a series of 
investigations on the effect of the addition of pro- 
teins and of various ions on the physical character- 
istics of polymerized desoxyribonucleic acid. His 
studies indicate that the nucleic acid interacts 
definitely with several types of protein and with 
basic amino acids. According to Greenstein, such 
combinations result in marked alteration of 
physical properties of the polymerized nucleic acid 
isolated from animal tissues. Similar studies have 
also been reported by Gulland (8). However, no 
chemical data were obtained on the combination 
products of these two chemical entities (nucleic 
acid and protein or basic amino acids). 

The present paper is concerned with a study of 
certain chemical properties formed by nucleic acids 
and a simple basic protein isolated from normal 
tissues. We have used the term “basic polypep- 
tide’’ for this low molecular weight protein. The 
product, formed by combination of the basic 
polypeptide with polymerized desoxyribonucleic 
acid prepared from calf thymus, is compared with 
the corresponding product formed with ribo- 
nucleic acid. Definite chemical differences between 
the two nucleic acids have been shown (9), and, 
furthermore, their marked difference in respect to 
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polymerization is recognized; but these variations 
are not of sufficient degree to explain completely 
the presumed difference in their biological be- 
havior. The approach described in this paper was 
an attempt to determine whether variations in be- 
havior could be observed when the two types of 
nucleic acid were combined in the test tube with 
a basic tissue constituent to form a product similar 
to those which may exist as a nucleoprotein in the 
living cell. 
EXPERIMENTAL 
MATERIALS 

A. Basic polypeptide (BPP).—This seems to be 
a basic low molecular weight protein which is pre- 
pared from fresh calf thymus by the method of 
Bloom et al. (1). The preparation used contained 
13.49 per cent nitrogen. It was utilized in 0.5 per 
cent freshly prepared solutions in distilled water 
unless otherwise stated. 


TABLE 1 

EFFECT OF MIXING BPP AND DRNA 

BPP DRNA 

(mg.) (mg.) Precipitate 
1.25 2.5 None; viscous 
1.25 1.25 Slight 
1.25 0.675 Fibrous 
1.25 0.337 Fibrous 
1.25 0.167 Fibrous 
2.5 1.25 Slight 
1.25 1.25 Slight 
0.675 1.25 None 
0.337 1.25 None 
0.167 1.25 None 


B. Ribonucleic acid (RN.A).—Commercial RNA 
(Schwarz), purified by the method of Kunitz (11), 
was used in 0.5 per cent solutions in distilled water. 
This likewise was prepared just before use. This 
preparation contained 13.30 per cent nitrogen and 
8.01 per cent phosphorus. 

C. Desoxyribonucleic acid (DRNA).—This was 
prepared from the nucleoprotein fraction isolated 
from fresh calf thymus by the method of Mirsky 
and Pollister (16). The protein was removed by 
chloroform extraction carried out according to 
the directions of McCarty (12). The DRNA con- 
tained 12.68 per cent nitrogen and 6.88 per cent 
phosphorus. Because of the high viscosity of its 
aqueous solutions, DRNA was used in 0.25 per 
cent solution in distilled water. 


METHODS 


In general, the method of observation of the re- 
action of BPP with nucleic acids was as follows: 
A solution of BPP was placed in a number of 
centrifuge tubes, and to each was added a solution 
of nucleic acid. The tubes were allowed to stand 
at 2° to 5° C. for 24 hours and then were examined 


for formation of a precipitate. The physical char- 
acter and approximate amount of precipitate was 
recorded. 

If the precipitates were to be analyzed, the 
tubes were centrifuged and the _ precipitates 
washed twice with distilled water. The entire 
precipitate from each tube was then digested with 
2.5 ec. of 10 N sulfuric acid for at least 2 hours. 
A few drops of 30 per cent hydrogen peroxide were 
then added, and digestion continued for a mini- 
mum of 30 minutes. Each digest was diluted to 
25 ec., and aliquots were take for phosphorus and 
nitrogen analyses. Usually 1-ml. aliquots were used 
for phosphorus determination, which was carried 
out according to Fiske and SubbaRow (3). Ali- 
quots of usually 10 ml. were employed for nitrogen 
analysis by Wagner’s boric acid modification of 
the micro-Kjeldahl procedure (20). 

Since the ratio of nitrogen to phosphorus in 
nucleic acids is a fixed quantity, any increase in 
the ratio found upon analysis of the precipitate 
formed upon interaction of nucleic acid and the 
basic polypeptide would be due to combination 
with protein and, therefore, addition of protein 
nitrogen. Nitrogen to phosphorus ratios were thus 
used throughout the work to characterize the 
synthetic nucleoprotein obtained. 


RESULTS 
INTERACTION OF BPP anp DRNA 

A preliminary experiment was performed to de- 
termine the effect of mixing solutions of BPP and 
DRNA. Two series of tubes were set up; in the 
first, varying amounts of DRNA solution were 
added to a given volume of 0.5 per cent BPP. In 
the second the same amount of DRNA was added 
to each tube, but the amounts of BPP used were 
varied. The results may be seen in Table 1. It 
is at once apparent that the weight of BPP present 
must equal or exceed that of DRNA in order for 
precipitation to occur. Analysis of a number of 
precipitates formed by the addition of the same 
amount of DRNA to a given amount of BPP 
showed that they contained the same proportion 
by weight of phosphorus and nitrogen. 

An experiment was then conducted to deter- 
mine whether the nitrogen/phosphorus ratio 
varied when increasing amounts of BPP were used 
with a given quantity of DRNA. The results 
shown in Table 2 indicate that, when more than 
a certain minimum of BPP is present, the nitro- 
gen/phosphorus ratio of the precipitate formed 
remains constant, no matter how the relative con- 
centration of the two materials may vary. This 1s 
also shown graphically in Fig. 1 from additional 
data. In other words, a stoichiometric relationship 
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exists between the two reactants at these ranges of 
concentration. 


INTERACTION OF BPP ann RNA 
A preliminary experiment was performed to 
determine the effect of BPP on RNA, as in the 
case of DRNA. In the first series of tubes the 
amount of BPP was heid constant, and the quan- 
tity of RNA varied in each tube. The results are 
shown in Table 3. As observed above with DRNA, 
there must be one part or more of BPP to one of 

RNA for the formation of a precipitate. 


TABLE 2 


ANALYSIS OF PRECIPITATES RESULTING FROM 
MIXING BPP AND DRNA 


ANALYSIS OF PRECIPITATE 


DRNA BPP BBP / N P 

(mMG.) (ma.) DRNA (mg.) (mg.) N/P 
3.04 1.52 0.5 0.3542 0.1251 2.83 
4.88 4.88 1.0 1.0468 0.2814 3.72 
3.78 18.90 5.0 0.9287 0.2213 4.19 
2.95 29 . 50 10.0 0.7083 0.1684 4.21 
3.50 70.00 20.0 0.8225 0.1483 5.72 
5.56 5.56 1.0 1.0350 0. 2862 3.62 
4.33 21.65 5.0 1.1274 0.2675 4.2] 
3.24 32.40 10.0 0.6258 0.1450 4.32 
3.72 74.40 20.0 0.9571 0. 2307 4.15 


4.15 4.15 1 
3.18 15.90 5. 
3.88 38 .80 10. 
3.06 61.20 20. 


0.6572 0.1706 3.85 
0.7948 0.1801 4.41 
. 8382 0.2144 3.91 
1.4147 0.3309 4.27 
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As with DRNA, experiments were conducted to 
ascertain whether or not the nitrogen/phosphorus 
ratio was constant at a given concentration of 
BPP and of RNA and also if the nitrogen/ 
phosphorus ratio varied when the same amount of 
RNA was added to increasing quantities of BPP. 
The results, presented in Table 4, indicate not 
only that the nitrogen/phosphorus ratio varies at 
a given concentration but also that it varies widely 
as the relative concentrations of BPP and RNA 
change. These findings are shown graphically in 
Fig. 1, which also presents the results obtained 
with DRNA and BPP at the same concentrations. 


DISCUSSION 
The formation of a precipitate when DRNA 
and BPP come into contact may be taken as 
TABLE 38 
EFFECT OF MIXING BPP AND RNA 


BPP RNA Precipitate* 
(mg.) (mg.) 

5.0 5.0 Noticeable 

5.0 10.0 None 

5.0 20.0 None 

5.0 40.0 None 

5.0 5.0 Noticeable 
10.0 5.0 lair amount 
20 .0 5.0 Rather lary- 
40.0 5.0 Trace 


* All precipitates were particulate. 


COMPOSITION OF PPT. (CN/ZP RATIO) IN RELATION TO RELATIVE 
AMOUNTS OF BPP AND RNA OR DRNA 


30: 


20; 














Fic. 1.—Roman numerals refer to individual experiments 
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indication of a physical or chemical reaction, 
When the two reactants are mixed in varying pro- 
portions and any precipitates formed are analyzed 
for nitrogen and phosphorus, the analyses show 
the ratio of nitrogen to phosphorus in the pre- 
cipitates to be constant. This is suggestive evi- 
dence for the stoichiometric combination of the 
reacting substances. 

This should not be surprising, since thymo- 
nucleoproteins have been known as chemical 
entities for some time and samples extracted under 
similar conditions (2, 15) give the same nitrogen / 
phosphorus ratio, showing that they are repro- 
ducible entities. Studies of the protein-DRNA 
bond in nucleoproteins have indicated that it is of 
the polar variety (14, 18, 19). If this is correct, re- 


TABLE 4 


ANALYSIS OF PRECIPITATES RESULTING FROM 
MIXING BPP AND RNA 


ANALYSIS OF PRECIPITATE 


RNA BPP BPP N r 

(ma .) (ma.) RNA (mg.) (ung.) N/P 
5.0 5.0 l 1.401 0.119 11.77 
5.0 10.0 2 6.894 0.270 29. 97 
5.0 20.0 + 7.956 0.288 28.11 
5.0 40.0 Ss 0.921 0. O84 10.96 
5.0 5.0 1 1. 464 0.102 14.85 
5.0 10.0 2 2 8338 0. 262 i081 
5.0 20.0 + 8.052 0.327 24.62 
5.0 40.0 8 0.236 0.076 3.88 
5.0 5.0 l 1.605 0.105 15.29 
5.0 10.0 2 7.0838 0. 262 27.038 
5.0 20.0 4 7.982 0.282 28 $1 
5.0 40.0 S 0.188 0.070 2.68 


action between the two components tn vitro might 
take place by the same mechanism. The results 
obtained with DRNA and BPP were, therefore, 
not unexpected. It was anticipated that similar 
findings might be obtained when RNA and BPP 
were brought together in solution. As shown in 
Fig. 1, that was not the case. As the reactive mix- 
ture became richer in BPP, an increasing amount 
of BPP was present in the precipitate until finally 
a peak in the nitrogen/phosphorus ratio was 
reached, after which successive additions of BPP 
caused a decrease in the amount of BPP reacting. 
This phenomenon is extremely difficult to explain. 
The two nucleic acids, RNA and DRNA, differ 
in several respects: pyrimidine bases, carbo- 
hydrate, and size of molecule. However, presum- 
ably only a difference in the phosphate group 
would be significant in this case. Even in Gulland’s 
postulated structure of RNA (7), three of the four 
phosphate groups are comparable to those found 
in the generally accepted structure of DRNA. Be- 
cause of this similarity in structure of the two 
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nucleic acids, one might anticipate the same type 
of combination with BPP. This, however, is not 
the case, as is evident from Fig. 1, which shows the 
reactions of the two nucleic acids to differ marked- 
ly. 

While the results are not explicable on the basis 
of our present knowledge of nucleic acid structure, 
they may lead to a clue to some of the biological 
differences observed in the behavior of the two 
nucleic acids. The stoichiometric combination be- 
tween the nuclear, DRNA, and basic constituent 
would seem likely if these components have genet- 
ic Implication, as random combination of the 
substances would not lead to a clear concept of 
autosynthesis or reduplication, 

From this study it would appear that the 
polymerization of the DRNA would be the im- 
portant regulating factor in the nature of the final 
compound. MeCarty’s recent work on the influ- 
ence of the DRNA of bacterial cells on the trans- 
formation of cell types would add further evidence 
on this point, as the DRNA appears to be one of 
the major controlling factors. If, as Stedman (20) 
has suggested, the basic protein is one of the regu- 
lating mechanisms of cellular division, the study 
of the basic protein-nucleic acid bond may eluci- 
date certain of the regulatory factors concerned in 
the reproduction of the cell. Studies with other 
basic proteins, polypeptides, and amino acids may 
reveal further evidence which will help in the 
understanding of the nucleic acid—protein struc- 
ture thought to be important. Furthermore, this 
technic may be useful in clarifying the differences 
in chemical behavior of the two nucleic acids, one 
difference having been shown in the manner in 
which they combine with a basic polypeptide iso- 
lated from normal tissue. This combination may 
possibly be similar to that in naturally occurring 
nucleoproteins. 


SUMMARY 


A precipitate is formed when solutions of BPP 
are mixed with solutions of RNA or of DRNA. 
These precipitates have been analyzed for nitro- 
gen and for phosphorus, and the N/P ratio 1s 
found to behave characteristically for each of the 
nucleic acids when varying proportions of the 
reactants are employed. With the desoxy type the 
ratio remains fixed, while in the case of the ribose 
form it varies markedly. 

This might suggest that in the cell nucleus, 
only one type of nucleoprotein (desoxyribonucleic 
acid+basic protein) is formed, regardless of the 
relative amounts of nucleic acid and_ protein 
present. The differences in this nucleoprotein 
would thus appear to depend upon the type 
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polymer of nucleic acid and not upon the nucleic 
acid) protein. bond. On the other hand, the cor- 
responding combination in the cytoplasm might 
give rise to a series of compounds containing 
differing proportions of the components. 


. Broom, W. L., Warson, D. W., Cromartin, W. 


. GREENSTEIN, J. 


REFERENCES 


J., and 
Kreep, M. Studies on Infection with Bacillus anthracis. 
IV. Preparation and Characterization of an Anthracidal 
Substance from Various Animal Tissues. J. Infect. Dis., 


80:41-52, 1947. 


. Carrer, R. O., and Haun, J. L. The Physica! Chemical 


Investigation of Certain Nucleoproteins. I. Preparation 
and General Properties. J. Am. Chem. Soe., 62: 1194-1106, 


4040, 
. Fiske, C. U., and SuppaRow, Y. The Colorimetric De- 


termination of Phosphorus. J. Biol. Chem., 66:375-400, 
125. 


. GreENSTEIN, J. PP.) The Colloid Osmotic Pressure of 


Mixtures of Protein and Thymus Nucleate. J. Biol. 
Chem., 160: 107-112, 1943. 

. Chemical Studies on the Components of Normal 

and Neoplastic ‘Tissues. 1. Viscosity and Streaming Bire- 
fringence of Sodium Thymonucleate. J. Nat. Cancer Inst., 
1:77-90, 1940-1941. 
P., and Jenrerre, W. V. Physical 
Changes in Thymonucleic Acid Induced by Proteins, 
Salts, ‘Tissue Extracts, and Ultra-violet Irradiation. Cold 
Spring Harbor Symp. Quant. Biol., 9:236-254, 1941. 


. GuLLANb, J. M. The Structures of Nucleic Acids. Cold 


Spring Harbor Symp. Quant. Biol., 12:95-108, 1947. 
— . Some Aspects of the Chemistry of Nucleotides. J. 
Chem. Soc., pp. 208-217, 1944. 


Recombination of Nucleic Acids 


f). 


19. 


20. 


21. 


107 


GiULLAND, J. M., Banker, G. R., and Jonpan, D. O. The 
Chemistry of the Nucleic Acids and Nucleoproteins, Ann, 
Rev. Biochem., 14:175-206, 1945. 

HAmMMeEnsTEN, EK. Zur Kenntnis der biologischen Bedeu- 
tung Nucleinsiiureverbindungen, Biochem, Ztsehr., 144: 
S8S-466, 1024, 


. Kunirz, M. Crystalline Ribonuclease. J. Gen, Physiol., 


24: 15-82, 1940-1041. 


» MeCanry, M. Purification and Properties of Desoxyribo- 


nuclease Isolated from Beef Pancreas. J. Gen. Physiol., 
29: 128-189, 1945-1046, 


. Minroy, T. H. Ueber die Eiweiss-Verbindungen der Nucle- 


insiiure und Thyminsiiure und ihre Beziehung zu den 
Nucleinen und Paranucletn, Ztschr. f. physiol. Chem., 22: 
$07-S26, 1806. 


. Minsky, A. EK. Chromosomes and Nucleoproteins. Adv. 


in Knzymol., 3:1-84, 1943. 


. Minsky, A. E., and Potustrer, A. W. Fibrous Nucleo- 


proteins of Chromatin. Biol. Symposia, 10: 247-260, 1943. 
. Nucleoproteins of Cell Nuclei. Proce. Nat. Acad. 
Se., 28:544-352, 1942. 


. Sevag, M.G., and SMouens, J. Studies on the Conjugation 


of Streptococcal Nucleoprotein, J. Biol. Chem., 140:833- 
845, 1941. 


. Serpyrt, FB. Removal of the Impurities, Nucleic Acid and 


Polysaccharide, from Tuberculin Protein. J. Biol. Chem., 
133: 593-604, 1940. 

Semert, F. B., and Warson, D. W. Isolation of the 
Polysaccharides and Nucleic Acid of Tuberculin§ by 
Klectrophoresis. J. Biol. Chem., 140: 55-69, 1941. 
STEDMAN, E., and StepMan, EF, Chromosomin-—a Protein 
Constituent of Chromosomes. Nature, 162: 267-269, 1943. 
Waaner, E. C. Titration of Ammonia in Presence of 
Boric Acid. In the Maero-, Semimicro-, and Micro- 
Kjeldahl Procedures, using Methyl Red Indicator and 
the Color-matching End Point. Indust. & Engin, Chem. 
(Anal. Ed.), 12:771-772, 1940. 








The Effects of Hepatic and Splenic Extracts from Human 
Lymphomata upon the Lymphatic System 
of Experimental Animals 


Joun B. Storer, M.D.,* ann Ciarence C, Lusupaucn, Pu.D., M.D. 


(From the Department of Pathology, University of Chicago, Chicago 3, [linois) 


IN'TRODUCTION 


A theory (14, 15) has recently been formulated 
that leukemia and Hodgkin's disease are the re- 
sult of an imbalance of normal substances which 
stimulate production and maturation of lymphoid 
and myeloid cells. This is based on the extraction 
of seemingly specific lymphoid- and myeloid-stim- 
ulating substances from the urine (12, 18, 14, 16, 
19, 21, 23), feces (19), livers (3), and spleens (3) of 
human subjects with leukemia or Hodgkin’s dis- 
ease and from normal beef liver (20). According to 
this theory, there are two such substances: one, 
“lymphokentric acid,”’ is responsible for stimulat- 
ing the production of lymphocytes and the matura- 
tion of myelocytes; the other, “‘myelokentric 
acid,’’ stimulates the production of myelocytes and 
causes lymphocytes to mature. Miller and Turner 
(14, 15) postulate that leukemia is due to an excess 
of one of these substances, which causes increased 
production of the involved cells without matura- 
tion, as the consequence of a relative deficiency of 
the other maturating substance. Similarly, Hodg- 
kin’s disease is explained as the result of an excess 
of both substances. The large amount of support- 
ing data would seem to make this a valid explana- 
tion of the intermediate cause of these diseases, 
were it not for the fact that Heinle, Wearn, and 
co-workers (7, 8, 9), the parent-group originating 
this research, have not been able to demonstrate 
the presence of “lymphokentric acid” and have 
failed to show Hodgkin’s disease-like reactions in 
guinea pigs injected with extracts of urine from 
patients with that disease. The hypothesis of Mil- 
ler is untenable if no lymphokentric substance can 
be shown to exist. No independent studies have 
been made which either confirm or deny these find- 
ings or resolve the differences of the two respon- 
sible groups. Also, as Furth (4, 5) has pointed out, 
no information exists as to whether these sub- 
stances are merely by-products of the growth of 
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lymphocytic and myelopoietic tissues or are etio- 
logically responsible for the production of the dis- 
eases of these tissues. 

The study reported here was undertaken in an 
attempt to determine the existence or absence of a 
chemical lymphocytic stimulator in human lym- 
phomata and to discover whether extracts made ac- 
cording to the directions of Erf, Turner, and Mil- 
ler (8, 20), which supposedly contain a substance 
etiologically responsible for leukemia, would cause 
this disease in susceptible laboratory animals. 


EXPERIMENTAL STUDIES 


Extracts were made from the livers and spleens 
of 11 patients who died of various lymphomata. 
These organs of 1 patient with erythroblastic 
anemia and 1 patient with sympathoblastoma were 
extracted to use as controls. The methods used 
were those of Miller and his collaborators (3, 20), 
with little modification.! Extraction was carried to 


' Method I.—The organs were ground and air-dried. They 
were then thoroughly extracted with 95 per cent ethanol in 
a Soxhlet apparatus. The ethanol extract was then saponi- 
fied by refluxing for 4 hours with an equal volume of 2 N NaOH 
or KOH in ethanol. The solution was then diluted with water 
and thoroughly washed with petroleum ether (b.p. 30° to 
60° C.) and the ether phase discarded. It was then acidified 
with concentrated HCl and extracted with petroleum ether. 
The ether was removed by distillation and the residue dissolved 
in six times its volume of acetone and cooled to —15° C. It was 
then filtered and the precipitate discarded. The acetone was 
removed by distillation and the residue further concentrated 
in vacuo, The end-product was a brown oil. 

Method II.—This modification was used in order that the 
destruction of any biologically active substance might be 
minimized. The method was identical with Method I except 
that saponification was performed at room temperature for 
1 hour rather than by refluxing for 4 hours. The end-product 
was a brown oil. 

Method III.—The organs were ground and then mixed 
with five times their weight of methanol. The mixture was 
acidified to Congo red and allowed to stand for 3 days. It was 
then filtered and the residue discarded. The methanol solution 
was partially concentrated in vacuo, diluted with water, and 
extracted with petroleum ether. The ether phase was washed 
first with water and then 2 N NaOH. The ether phase was dis- 
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the point where this group was first able to show 
strong lymphocytic-stimulating activity in urinary 
extracts (19). The assays of these materials did 
not warrant further extraction and purification. 
The pertinent data concerning these extracts are 
summarized in ‘Table 1, 

The extracts were tested for biological activity 
by the method of Erf, Turner, and Miller (3). 
Thirty-seven guinea pigs, averaging 400 gm. in 
weight, were injected subcutaneously with a single 
dose of 0.8 to 6.8 ml. of the extracts, representing 
from 135 to 310 gm. of unextracted organ. Except 
where the yield was low or the toxicity of the ex- 
tract high, the dose was equivalent to 250 gym. of 
whole liver or spleen. Most of the extracts elicited 
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made of the liver, spleen, lymph nodes, thymus, 
lungs, adrenal gland, kindeys, and bone marrow of 
all animals and stained with hematoxylin and eosin 
and Wright’s stain. 

Histologically, using the guinea pigs injected 
with mineral oil as the most comparable controls, 
no evidence of definite specific lymphocytic stimu- 
lation could be found. Without these animals for 
comparison, the animals injected with the extracts 
showed slight activity by the criteria of Erf, Tur- 
ner, and Miller (3). This evaluation is summarized 
in Table 2, along with the doses and organ equiva- 
lents of the extracts. The lungs were found to be of 
no value in this assay, since the majority of the 
guinea pigs, regardless of previous treatment, 


TABLE 1 


THE SOURCES AND YIELDS OF THE EXTRACTED MATERIAL 


Extract 
no, Pathological diagnosis 
1 Aleukemic lymphatic leukemia 


2 Hodgkin's disease 


$ Chronic lymphatic leukemia 
Acute stem-cell leukemia 

5 Lymphosarcoma 

6 Polycythemia rubra vera terminating 

in lymphatic leukemia 

7 Chronic lymphatic leukemia 

s Lymphosarcoma 

9 Lymphoblastic leukemia 
10° Stem-cell leukemia 
11 Lymphosarcoma 
12 Erythroblastic (Cooley's) anemia 
13 Sympathicoblastoma 


* Seen. 1, p. 108, 


a severe local foreign-body reaction but did not 
prove particularly toxic. Only extract 6 from the 
liver of the patient with polycythemia rubra vera 
and lymphatic leukemia killed any of the guinea 
pigs. The remainder of the animals were sacrificed 
28 to 32 days following the injection and did not 
appear ill at that time. Because all the extracts ap- 
peared to be irritant oils, 9 guinea pigs were given 
comparable-sized subcutaneous injections of light 
mineral oil. Four untreated guinea pigs were killed, 
and their organs, along with those of many other 
guinea pigs used for other purposes in the labora- 
tory, were used as further controls. Sections were 
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carded. The alkaline solution was then acidified and extracted 
with petroleum ether. The ether was evaporated in vacuo; the 
residue was dissolved in acetone and cooled to —15° C. It was 
then filtered and the precipitate discarded. The acetone was 
removed by distillation, and the material was further concen- 
trated in vacuo. The end-product was a brown oil. 


Extraction 


Wet weight Extract yield 


method* Organ (gm.) (ml,) 
I Liver 2830 56.0 
Spleen 925 4.0 

I Liver $400 51.0 
Spleen 1450 4.0 

II Liver $210 24.7 
Spleen 2490 2° 9 

I Spleen 205 3.9 
I] Liver 2020) 45.2 
il Spleen 710 1.5 
I] Liver 2580 $4.3 
Spleen 590 3.5 

I Liver 1350 18.6 
Spleen 150 2.0 

4 Liver 1805 23.0 
Ill Liver 7165 0.3 
Ill Liver 2400 1.8 
Spleen 620) 0.1 

lil Liver 1630 2.9 
| Liver 2550 23.0 
lil Liver 2900 0.1 
Spleen 210 0.1 


showed large nodular infiltrates of mature and im- 
mature lymphocytes around the pulmonary blood 
vessels. Many untreated animals showed even 
more extensive infiltrates than did the treated 
ones. Lymphocytic infiltrates in the liver were 
larger and more numerous In the animals receiving 
the extracts than in the untreated animals, but 
they were only slightly larger than those in the 
livers of the guinea pigs receiving mineral oil. The 
infiltrates consisted predominantly of mature 
small lymphocytes, regardless of the original 
source of the extract. The extract from the case of 
Hodgkin’s disease did not cause a Hodgkin’s dis- 
ease-like infiltrate. The largest lymphocytic in- 
filtrates were present in the kidneys. The most ex- 
tensive of these infiltrates in this organ were found 
in the guinea pigs injected with mineral oil. No 
foci of immature lymphocytes were found. Mega- 
karyocytes were not seen in the spleens of the un- 
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treated animals but were found in the animals in- 
jected with mineral oil or the extracts. They were 
most numerous with the latter treatment. The 
splenic lymphoid follicles were hyperplastic in all 
the animals. In the animals injected with the ex- 
tracts these follicles did not exceed in size, number, 
or mitotic activity those of the animals with min- 
eral oil. The lymph nodes were also hyperplastic 
in all the animals. In general, the adrenal glands 
showed little change: Rare foci of extra-medullary 
myelopoiesis and perivascular lymphocytes were 


stimulator which these extracts are said to contain 
is leukemogenic, 100 strain Ak mice were injected 
with these extracts as a preliminary experiment. 
The mice averaged 2 months of age at the time of 
injection, Although some of the material oozed 
from the injection site when doses greater than 0.5 
ml. were given, autopsy of mice dying shortly after 
injection showed the brown oil present throughout 
the connective tissue of the back or, in some in- 
stances, localized in foreign-body granulomas, 
Sloughs were not commonly obtained, but in no in- 





seen in them. There were no changes in the thymus 
glands or the bone marrow. 

Since animals susceptible to lymphatic leukemia 
might be more sensitive to a stimulator of lympho- 
cytes, these extracts were also injected into strain 
Ak mice. For this purpose 24 mice were used, 


stance where the mice survived longer than 180 
days was oil actually demonstrated in the fibrous 
tissue at the original site of injection. Because of 
the acute toxicity of these extracts for mice and the 
fighting habit of this strain, only 47 of the injected 
mice survived longer than 180 days. In this experi- 


TABLE 2 


BIOASSAY OF ACTIVITY OF THE EXTRACTS 


Dosage Organ 
No. of cases No. of animals range equivalent Grade of 
Source of extract extracted used in assay (ml.) (apm. ) reaction* 
Lymphatic leukemia $ 15 guinea pigs 1.5 -8.8 150-275 2-3 
14 Ak mice 0. 06-0.5 14— $2 0 
Lymphosarcoma 2 8 guinea pigs 3.3 -6.38 260-280 2-3 
G Ak mice 0.16-3.1 11-189 0 
Stem-cell leukemia 1 4 Ak mice 0.25-0.5 138— 26 0 
Hodgkin's disease l 4 guinea pigs 0.8 -4.1 270-290 1-2 
5 Ak mice 0.04-0.2 1IS— 14.5 0 
Polycythemia rubra vera with l 6 guinea pigs 1.8 -3.6 1385-370 0-1 
lymphatic leukemia 4 Ak mice 0.09-0 25 13— 42 0 
Cooley’s anemia 1 4 guinea pigs 2.8 $10 2 
1 Ak mouse 0.25 28 0 
Mineral oil 9 guinea pigs 0.5 -4.0 2-3 
Controls 4 guinea pigs Untreated 0-1 
20 Ak mice Untreated 0 


* Degree of hyperplasia and cellular infiltration of the organs of the injected animals was graded according to the methods of Erf, 
lurner, and Miller (3): 0=no reaction, | = minimal reaction, 2 = moderate reaction, 3 = maximal reaction. 


along with 10 additional mice that died during the 
first severai weeks following the injection of the 
extracts, to observe chronic effects. The mice were 
sacrificed 29 to 39 days after injection and studied 
histologically for any evidence of leukemoid 
change or lymphocytic infiltrates. Twenty mice 
were used as uninjected controls. In spite of the 
fact that these mice received, on the basis of body- 
weight, about two to three times the dose of ex- 
tract that the guinea pigs received, none of the or- 
gans of these animals injected with any of the ex- 
tracts showed any lymphocytic infiltrates in ex- 
cess of the minute foci normally seen in these ani- 
mals (see Table 2). 

In order to determine whether or not these ex- 
tracts might contain any leukemogenic substances 
or, on the other hand, whether the lymphocytic 


? The original stock of our colony was obtained from Dr. 
Jacob Furth. Inbreeding has been strictly maintained in the 
ensuing 3 years. 


ment 87 mice were adequately autopsied at death, 
and the cause of death was determined. No mouse 
with or without the injection died of leukemia be- 
fore 180 days. For this reason, only mice living 180 
days or more are included in Table 8, which sum- 
marizes the data obtained in this experiment. The 
average age at time of death from leukemia in the 
injected mice was 270 days for the females and 300 
for the males. The ages for both sexes ranged from 
192 to 418 days. The average age at death from 
leukemia in the 86 control mice was 286 days for 
females and 322 for males. The ages ranged for 
both sexes from 192 to 580 days. While the number 
of mice used in this experiment is too small for 
statistical significance, the similarity between the 
ages at death from leukemia, the ranges of the 
ages, and the total incidence of leukemia in the two 
groups when sex is disregarded indicates that the 
injection of these extracts had no effect upon the 
incidence of leukemia or the leukemic disease of 
these mice. 
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COMMENT 

In these experiments no specific stimulatory ef- 
fect upon the lymphatic system of guinea pigs or 
mice was found in hepatic or splenic extracts from 
cases Of human lymphomata. Injection of these ex- 
tracts produced in guinea pigs lymphocytic infil- 
trates which appeared comparable to those illus- 
trated in the published reports (3, 14) on this sub- 
ject; but bland mineral oil and the extract from the 
case of erythroblastic anemia also produced such 
infiltrates (Figs. 1 to 6). While such infiltrates are 
not commonly found in healthy young guinea pigs, 
they are caused by a wide variety of nonspecific 
stimuli, such as mild indigenous laboratory infec- 


changed histologically by the injected material. 
These observations appear to indicate that these 
extracts did not contain leukemogens, since such 
substances decrease the latent period and usually 
increase the incidence of the disease (1, 2, 10, 17). 
No local tumors were found at the site of injec- 
tion, but this could not be expected, since none of 
the injected material was found there after 180 
days (18). 
SUMMARY 

Extracts of the livers and spleen of 8 patients 
dying from various lymphomata and 1 patient dy- 
ing from erythroblastic anemia were tested for 
lymphocytic stimulation in guinea pigs and in 


TABLE 3 


THE EFFECT OF ORGAN EXTRACTS ON SPONTANEOUS LEUKEMIA IN AK MICE 


Mice living No. dying Av. age at Incidence 





Extract Dose Organ equiv. over 180 from leu- death from Range of leu 
no. Source of extract Organ (ml.) (yem.) Sex days kemia leukemia (days) kemia* 
Q Hodgkin's disease Liver 0.2 18 I $ 2 294 277-310 4 
M 2 ] 238 4 
Spleen 0.5 18] I 3 ] 282 } 
$ Lymphatic leukemia Liver 0.25 $2 I 6 4 284 233-310 : 
M 2 0 
Spleen 0.25 23 2 | 242 , 
4 Stem-cell leukemia Spleen 0.25 13 ‘ 5 5 282 238-376 : 
5  Lymphosarcoma Liver 0.25 i] : 4 3 238 192-330 ; 
Spleen 0.038 5 M l 1 277 
6 Polycythemia vera and lum- 
phatic leukemia Spleen 0.25 42 I 3 8 255 220-322 ; 
7 Lymphatic leukemia Liver 0.25 18 M s 307 252-418 : 
8  Lymphosarcoma Liver 0.20 20 M 8 5 306 239-361 . 
Totals KF 26 19 270 §=192-376 49 
M 21 14 300 238-418 14 
Controls (uninjected) KF 53 44 286 192-580 .% 
M 33 15 $22 219-428 $3 


* The numerator indicates the number of mice dying of leukemia and the denominator the number living more than 180 days. 


tions and injections with foreign substances. The 
lymphocytic foci found in strain Ak mice injected 
with the extracts did not exceed those seen in the 
normal controls, indicating for this species a lack 
of specific or nonspecific effect of these extracts. 
Only recently, Miller (11) has stated that his 
lymphocytic-stimulating material has never given 
so strong a reaction as has the myelogenous mate- 
rial. Heinle (6) has stated that re-examination of 
the material on the basis of which Wearn, Miller, 
and Heinle (23) first reported a specific lymphatic- 
stimulating factor has left him unconvinced that 
any significant lymphoid hyperplasia occurred. 
These extracts did not hasten the onset of leu- 
kemia in the strain Ak mice. Although too few 
mice were used for statistical accuracy, the inci- 
dence of this disease in these animals does not ap- 
pear to have been changed by the injections. When 
the sex of the mice is disregarded, about 70 per 
cent of the injected and control groups developed 
the disease. The character of the leukemia was not 


strain Ak mice. No specific lymphoid or Hodgkin’s 
disease-like reactions were demonstrated. Non- 
specific reactions in the guinea pigs, similar to 
those previously reported, were found with the ex- 
tracts from the lymphomatous cases, with the ex- 
tract from erythroblastic anemia, and with com- 
mercial mineral oil. No lymphocytic reactions were 
found in the strain Ak mice, and the incidence of 
and time of death from leukemia in this strain 
were not apparently affected, although the number 
of animals used in this experiment was small. 
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Substances in the Urine of Leucemia Patients. Proc. Soc. 
Exper. Biol. & Med., 60:115—116, 1942. 

14. Miuuer, F. R., and Turner, D. L. The Action of Specific 
Stimulators on the Hematopoietic System. Am. J. M. Sc., 
206: 146-158, 1943. 

15. ————. The Leukemias. M. Clin. North America, 28: 
1376-1385, 1944. 

16. Miuier, F. R., Wearn, J. T., and Heinie, R. W. Pro- 
liferation of Myeloid and Lymphoid Cells Induced by 
Extracts of Urine from Leucemic Patients. Proc. Soc. 
Exper. Biol. & Med., 41:479—480, 1939. 

17. Morton, J. J., and Mripgr, G. B. Production of Lympho- 
matosis in Mice of Known Genetic Constitution. Science, 
87: 327-328, 1938. 

18. Sterner, P. E. The Incidence of a Carcinogenic Factor 
in the Livers of Cancer, Noncancer, Cirrhotic, and Negro 
Patients. Cancer Research, 3:385-395, 1943. 

19. Turner, D. L., and Mituer, F. R. The Preparation of 
Specific Substances from Urine and Feces in Leucemia. 
J. Biol. Chem., 147: 573-579, 1943.. 

——. Specific Stimulators of Hematopoiesis from Beef 
Liver. Proc. Soc. Exper. Biol. & Med., 564:177-179, 1943. 

21. ————. Conjugated Forms of Myelokentric and Lympho- 
kentric Acid. J. Biol. Chem., 161:91-97, 1945. 

22. ——-_—. The Chemistry of Substances Specific for the 
Stimulation of Lymphopoiesis and Myelopoiesis: Ap- 
proaches to Tumor Chemotherapy, pp. 64-74. Washing- 
ton, D.C.: Am. A. Adv. Se., 1947. 

23. Werarn, J. T., Mruuier, F. R., and Hermie, R. W. Pro- 
liferation of the Reticuloendothelial System Induced by 
Extracts of Urine from Patients with Leukemia. Tr. A. 
Am. Physicians, 54: 278-284, 1939. 


20. 





injection of 4.1 ml. of hepatic extract from case of Hodgkin’s 
disease. 

Fic. 4.—Infiltrate in kidney of guinea pig killed 30 days 
after injection of 3.8 ml. of hepatic extract from case of lym- 
phatic leukemia. 

Fic. 5.—Infiltrate in liver of guinea pig killed 28 days after 
injection of 1.0 ml. of commercial mineral oil. 

Fic. 6.—Infiltrate in kidney of same animal. 








The Influence of Normal and Cancer Blood on 


Tyrosinase Activity in vitro" 


Wacrer Marx t 


(From the Wilham G. Kerckhoff Laboratories of the Biological Sciences, California Institute of Technology, Pasadena, 
and the Emery Tumor Clinic, Los Angeles, California) 


Hirshfeld et al. reported that a factor in the 
blood serum of cancer patients inhibited the 
aerobic oxidation of tyrosine by crude potato 
tyrosinase (1). It was suggested that this inhibi- 
tion of the enzyme tyrosinase might form the basis 
for a serological test for the diagnosis of cancer. 
The present report deals with an attempt to con- 
firm these findings and to improve the reliability of 
the method. 

BLOOD SAMPLES 


Both human blood and rabbits’ blood were used. 
Many different types of human cancer were ex- 
amined (Table 1). The data reported include 130 


TABLE 1 
SUMMARY OF MALIGNANT TUMOR CASES 
USED FOR BLOOD SAMPLES 


Origin of tumor No. of cases 


Sex organs 52 
Epithelium 18 
Respiratory system 15 
Gastrointestinal tract 12 
Skeletal and hematopoietic system 11 
Miscellaneous 22 

Total 180 


cases in which malignancy was demonstrated by 
pathological examination of biopsy or post mortem 
material and which had had neither surgery nor 
radiation prior to the withdrawal of the blood 
sample.! The normal human blood samples were 
obtained from 209 adults of both sexes, from 
healthy individuals as well as from patients hav- 
ing various diseases but no known malignancy. 
The rabbits’ cancer blood was derived from ani- 


* Supported by a grant from the Emery Cancer Research 
Fund. 


+ Present address: Department of Biochemistry and 
Nutrition, University of Southern California, Los Angeles 7, 
California. 


‘The cancer blood samples were obtained from the clinics 
of the Emery Tumor Group and the Cedars of Lebanon Hos- 
pital; most of the normal blood samples were donated by the 
staff of the Emery Tumor Clinic. I am very much obliged to 
Doctors C. K. Emery, S. Hirshfeld, and R. D. Chier and to 
the staff of the Emery Tumor Clinic for their co-operation. 


mals having an experimentally — transplanted 
malignant growth, either a Brown-Pearce (2) ora 
V-2 tumor (3);? 18 rabbits’ cancer blood samples 
and 21 normals were tested. 


EXPERIMENTS USING HIRSHFELD’S 
TECHNIC 
A number of normal and cancer blood samples 
was examined, following Hirshfeld’s procedure (1) 
as closely as possible. The rate of the oxidation was 
followed colorimetrically, and the color increment 
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Fig. 1.—Effects of normal and cancer serum on tyrosinase 
activity. Experimental conditions as described by Hirshfeld 
et al. (1). No, normal serum. Ca, cancer serum. Co, control 
(no serum). 





(1) observed after periods of 15 or 30 minutes was 
used as a measure of the rate of the reaction. The 
degree of inhibition was expressed, as a matter of 
convenience, by means of (Inor — Ica), the differ- 
ence between the rates of normal and cancer 
blood samples. 

2 IT am much indebted to Dr. John G. Kidd, of Cornell Uni- 
versity, and to the National Cancer Institute for the animals 


carrying the tumors, and to Dr. A. L. Cohen, of this Depart- 
ment, for several tumor transplantations. 
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The results of a single test in which a normal 
and a cancer blood sample were compared, are 
illustrated in Fig. 1. In this particular experiment 
a relatively slight, but definite, inhibition was ob- 
served, In agreement with Hirshfeld’s observa- 
tions. When the whole series of experiments was 
considered, however, the phenomenon was not 
consistently demonstrable (Table 2). Two further 
series of tests were made under identical condi- 
tions, except that the rate of oxidation was fol- 
lowed for only 15 minutes. Human serum was 
used in the second series and rabbits’ serum in the 
third. ‘Table 8 summarizes the results of all three 
groups of experiments. 


TABLE 2 


KFFECT OF HUMAN NORMAL AND CANCER 
SERUM ON TYROSINASE ACTIVITY * 


Rate (COLOR INCREMENT Dir KY ERENCK IN 


IN SO MINUTES) KATES 

I Nor lon [Nes los 
‘ {26.0 6.5 
38.6 \ 28.5 4.0 
42.5 42.0 0.5 
$8.5 $7.0 1.5 
$1.7 $2.4 — 0.7 
$5.0 $1.4 $3.6 
$2.0 $1.0 1.0 
41.1 40.5 0.6 
41.0 44.0 — $3.0 
42.2 41.4 0.8 
15.0 — $3.0 
12.0 ‘16 Q) 2.0 
45.8 37. 8.6 
p 18.6 7.0 
25.6 118.6 7.0 
146.0 4.0 
9.8 47.0 3.0 
43.0 27.5 15.5 
30.0 24.0 6.0 
20.0 20.0 0.0 
{59.0 8.0 
67.0 83.0 14.0 
7.0 8.0 — 1.0 


Mean difference 3.7+0.9 


* Experimental conditions essentially as de- 
scribed by Hirshfeld et al. (1). 


The average values of (Nor — ca) indicate that 
tyrosine usually was oxidized at a slightly slower 
rate in the presence of cancer serum, but only in 
the first series was the mean difference statistically 
significant (P < 0.01). In many individual tests, 
however, the inhibition was found to be either very 
small or entirely lacking. In some cases the cancer 
serum even caused stimulation instead of inhibi- 
tion. It is obvious that, under these experimental 
conditions, the variations were too great and the 
effects too small to permit use of the tyrosinase 
system for a clinical test. The results indicated a 
slight trend, however, which could be interpreted 
as being due to a real phenomenon, perhaps ob- 
scured by interfering factors of unknown nature. 


Experimental conditions were varied, therefore, 
In an attempt to obtain more consistent results. 
The variations concerned: (1) the physical condi- 
tions, such as temperature, light, shaking, ete.; (2) 
the enzyme preparation; (3) the substrate; (4) the 
reaction medium (buffers, inorganic ions); and 
(5) the blood sample. Each set of experimental 
conditions was tested in a separate series of 
experiments. 


PHYSICAL MODIFICATIONS OF 
THE PROCEDURE 

Warburg manometer.—Attempts at following 
the rate of the reaction with a Warburg manom- 
eter failed, since the oxygen uptake of the 
enzyme blank (crude potato juice alone) was rela- 
tively much too great, in contradistinction to 
earlier findings (4). 


TABLE : 


KFFECT OF NORMAL AND CANCER SERUM ON 
TYROSINASE ACTIVITY * 


Duna- 
TION OF MAN DIFFERENCE 
SPECIES OF EXPEKI- IN RATES 
SERUM MENT NuMBER OF SAMPLES (INorm/o,) AND 
SAMPLE (MIN.) Normal Cancer  sTANDARD ERROR P 
Human 30 19 23 3.7+0.9 <0.01 
Human 15 10 9) 5.0+3.0 0.1 
Rabbit 15 13 12 0.3+1.4 0.8 


* Experimental conditions essentially as described by Hirshfeld 
et al. (1). 


Lighting conditions.—Comparisons were made 
of the effects of different lighting conditions, using 
fluorescent light as previously described (1), incan- 
descent light, and no special light at all. No effect 
was demonstrable, as far as the distinction be- 
tween normal and cancer serum was concerned. 
No artificial light was used, therefore, in later 
series of experiments. 

Temperature.—The test tubes containing the 
reaction mixture were, at first, kept in a water 
bath at room temperature (without thermostat). 
The changes occurring during the period of a single 
test (15 or 30 minutes) remained within 0.2° to 
(.5° C. These variations did not influence the re- 
sults appreciably, especially since the emphasis 
was placed on a comparison of normal and cancer 
blood samples tested simultaneously. In later 
series, tests were run without a water bath, with- 
out any apparent disturbing effects. 

Shaking.—It was considered important to stir 
or shake the reaction mixtures. After several at- 
tempts with mechanical shaking devices which 
proved unsatisfactory, the samples were mixed be- 
fore each colorimeter reading by vertical stirring 
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with a glass rod provided with a bead at the lower 
end. 

Incubation period.—In a series of experiments, 
enzyme solution and serum were incubated for 
periods of 1 to 8 minutes before the substrate was 
added. Although, at first, such incubation ap- 
peared to increase in some instances the difference 
between rates of normal and cancer samples, 
further results were disappointing, and the incuba- 
tion technic was abandoned. 


MODIFICATIONS CONCERNING THE 
ENZYME PREPARATION 
Whole potato guice.—It was soon realized that 
the enzyme preparation described by Hirshfeld 
and co-workers was highly unstable, especially 
when exposed to air. With a fresh enzyme solution 
prepared as quickly as possible, tyrosine was 
usually oxidized at an almost constant rate during 
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highly unstable. It was to be expected that, by 
means of purification of the enzyme, the inter- 
fering substance (or substances) would be removed 
and a preparation of greater stability obtained. 
Furthermore, various investigators emphasized 
that much purer, more stable, and more active 
preparations of the enzyme tyrosinase could be ob- 
tained from mushrooms than from potatoes (5, 6), 

A white cultivated variety of the common 
mushroom, Agaricus campestris (7), was therefore 
used as starting material; the enzyme was pre- 
cipitated by approximately 4 volumes of acetone 
at 2° to 4° C., and the precipitate redissolved in a 
small volume of saline or water. The solution of the 
partially purified mushroom enzyme was yellow 
or grayish brown, and hardly any darkening was 
observed during anaerobic storage at 2° to 4° C, 
The kinetics showed, in agreement with earlier 
findings (5), an induction period of about 5 to 15 


TABLE 4 


EFFECT OF HUMAN NORMAL AND CANCER BLOOD ON TYROSINASE ACTIVITY 
(Partially Purified Enzyme Preparations) 


BLoop EN ZYME Acti- 
Group SAMPLE PREPARATION VATOR 
l Plasma Mushroom oa 
2 Plasma Potato — 
3 Serum Potato _ 
4 Plasma Potato + 
5 Plasma Potato + 
6 Serum Potato + 
7 Filtrate, CC],;,CO.H Potato* _ 
precipitation 


MEAN DIFFERENCE 


IN RATES 
NUMBER OF SAMPLES) = (I Nor— 1a) AND 
BuFFER Normal Cancer STANDARD ERROR r 

Phosphate 9 9 —0.4+1.4 0.8 
Veronal 18 20 2.2+0.8 0.01 
Veronal 12 16 0.5+1.0 0.6 
Phosphate 12 13 0.3+1.1 0.8 
Veronal 21 28 2.6+0.9 <0.01 
Veronal 10 14 0.6+1.1 0.6 
Phosphate 23 22 1.7+0.8 0.05 


* In a part of this series, a lyophilized preparation of whole potato juice was used. 


the initial 30 minutes of the test. But when the 
preparation of the enzyme took a little more time 
or when the enzyme solution was exposed to air 
for a few minutes before it was used, an induction 
period was always observed. 

It is evident that this lack of stability of the 
enzyme preparation was one of the factors re- 
sponsible for the great variability of the results. 
Another cause was the fact that a new potato had 
to be used daily as starting material for the 
enzyme preparation and that enzyme preparations 
made from different potatoes varied greatly in 
their activities and kinetic characteristics, even if 
the same variety of potatoes was used. 

Partially purified mushroom enzyme.—Obvious- 
ly, in order to obtain uniform results, a more stable 
enzyme preparation had to be used. The possibil- 
ity was considered that the observed variability 
of the enzyme kinetics was caused by another 
component (or other components) of the potato 
juice which influenced the enzymatic tyrosine ox1- 
dation and which, at the same time, was itself 


minutes’ duration, followed by an approximately 
constant rate for at least 45 minutes. The enzyme 
activity per milligram of solids and the stability of 
the mushroom preparations were much greater 
than those of the crude potato enzyme. The 
presence of serum or plasma modified the kinetics 
of the partially purified enzyme appreciably. The 
induction period was usually obliterated, and an 
initial stimulation was observed instead. 

A number of tests was made, comparing normal 
and cancer serum and using partially purified 
mushroom enzyme. In some of the tests plasma 
was used instead of serum; otherwise conditions 
were essentially as described above. The results 
are shown in Table 4, group 1. No significant dif- 
ference was demonstrable between normal and 
cancer blood. In spite of the fact that a purer 
enzyme preparation with far greater activity and 
stability was used, the slight trend which had been 
observed for the difference between normal and 
cancer serum in the first series of experiments 
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using crude potato juice, was completely obliter- 
ated under these conditions. 

Partially purified potato enzyme.—Since with 
crude potato juice enzyme at least a trend had 
been noted, it was decided to make partially purt- 
fied enzyme preparations from potatoes and 
examine their properties regarding a distinction 
between normal and cancer blood. Potato juice 
was prepared as described (1); the enzyme was 
precipitated by 4 to 4.5 volumes of acetone at 
2° to 4° C., and the precipitate was redissolved in 
a small volume of distilled water or saline. The 
color of a fresh solution of partially purified potato 
enzyme was light brown and darkened only slight- 
ly during anaerobic storage. The kinetics were 
similar to those of the partially purified mushroom 
enzyme; upon exposure to air, however, darkening 
occurred somewhat more rapidly than in the case 
of the latter. The activity was greater than that 
of the crude potato enzyme but not as great as 
that of the partially purified mushroom prepara- 
tion. The presence of normal serum or plasma 
modified the kinetics, eliminating the induction 
period and causing an initial stimulation instead, 
as was the case with partially purified mushroom 
enzyme. 

Two series of experiments were made with 
partially purified potato enzyme, one using 
serum, another using plasma; except for the 
enzyme preparation, experimental conditions were 
essentially as described above. In the series with 
plasma (Table 4, group 2), the mean difference 
(Inor — Ica) was statistically significant, but its 
value was small (8 per cent of the mean rate for 
normal plasma). In a number of individual cases 
of this group, however, no inhibition—in several 
instances, even a stimulation—was found as an 
effect of the cancer blood. With serum (Table 4, 
group 3) no significant difference was observed 
between normal and cancer samples. 

Actwator from potato juice.—At this point the 
following working hypothesis was taken into con- 
sideration. It was postulated that, during purifica- 
tion of the enzyme, a substance was removed 
which was necessary for the inhibition by cancer 
serum, as observed in some of the experiments 
using fresh whole potato juice. It was further as- 
sumed that this substance, which was designated 
“activator,” was unstable in the crude potato 
Juice but stable after separation from the en- 
zyme(s). On the chance that the activator was not 
a protein, it was decided to attempt separation 
of the activator from the enzyme, to keep both 
stored separately, and to recombine them only at 
onset of the test. 

For this purpose, potato juice was prepared and 


ee ee ee 


the enzyme precipitated with acetone as described 
above. The supernatant acetone extract was con- 
centrated in vacuo under No, until free from ace- 
tone (water-bath temperature gradually raised to 
65° C.). The aqueous residue contained a yellow 
pigment which had precipitated during the con- 
centration and which gave the solution a greenish- 
yellow tinge; it was not further examined regard- 
ing its chemical properties. After separation from 
the enzyme, the activator was found to be stable 
for many weeks when stored in the cold; thus it 
was now possible to prepare and store stable stock 
solutions of both activator and enzyme which, 
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Fic. 2.—-Effects of acetone extract of potato (“‘activator’’) 
on the activity of partially purified potato tyrosinase. A, 0.05 
ml. ef acetone extract. B, 0.02 ml. of acetone extract. C, no 
acetone extract. All three samples contained partially purified 
potato enzyme, tyrosine, and buffer. 


when mixed in certain proportions, gave rise to 
well-defined and easily reproducible kinetic char- 
acteristics. 

Graded amounts of the activator were added to 
a constant quantity of a partially purified potato- 
enzyme preparation. The results, shown in Fig. 2, 
indicate that the activator, depending on its con- 
centration, either decreased or completely elimi- 
nated the induction period of the tyrosine oxida- 
tion. 

In the following experiments a system was em- 
ployed consisting of buffer, tyrosine, activator, 
serum or plasma, and enzyme. In order to deter- 
mine optimum conditions for the distinction be- 
tween normal and cancer blood, preliminary 
tests were made in which the activator concentra- 








tions were varied, with the other components con- 
stant. The optimum concentration of activator 
was assumed to be that which just eliminated the 
induction period in the control sample. 

A number of blood samples was examined under 
these conditions. The optimum concentrations of 
enzyme and activator were determined daily in 
preliminary control tests. Otherwise, conditions 
were essentially as described above. The results 
(shown in Table 4, groups 4 to 6) led to the follow- 
ing conclusions: (1) Any given single experiment 
may or may not show a difference between normal 
and cancer blood samples. (2) In the series in 
which plasma and veronal buffer were used 
(group 5), the average difference between normal 
and cancer samples was small (11 per cent of the 
mean rate for normal plasma) but statistically 
significant; in a number of individual experiments 
of this group, however, cancer plasma failed to 
inhibit the reaction, as compared to normal 
plasma. (3) In the other two series the mean dif- 
ference (JNor — /ca) was not statistically  sig- 
nificant. 

Further purified potato enzyme.—For a further 
purification of the enzyme, potato juice was frac- 
tionated with acetone and the precipitate, ob- 
tained between 33 and 60 volume per cent of 
acetone, was further purified by ammonium 
sulfate fractionation; the precipitate collected be- 
tween 0.4 and 0.7 saturated ammonium sulfate 
was dialyzed, and the undialyzable fraction was 
centrifuged. The supernatant fluid contained a 
more highly purified enzyme preparation, was 
lighter yellow in color, and: did not darken ap- 
preciably during storage. 

A number of blood tests was made, using this 
purer tyrosinase preparation and activator (7 nor- 
mal and 7 cancer samples). The results were not 
more consistent than they had been in previous 
groups. The mean value for (INor — [ca) was found 
to be 1.6 + 1.2 (P = 0.2; statistically not sig- 
nificant). Obviously, under these conditions the 
tyrosinase system was not suitable for a clinical 
test to distinguish between normal and cancer 
blood, in spite of the fact that the enzyme prepara- 
tions used were more stable and better defined 
than in former experiments. 


MODIFICATION CONCERNING 
7 THE SUBSTRATE 

The substrate concentration was varied be- 
tween approximately M/1000 and M/5000; the 
lower concentration appeared preferable for a dis- 
tinction between normal and cancer samples. The 
results of experiments using tyrosine as substrate 
were, as a whole, disappointing. 
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The possibility was considered that the kinetics 
of the oxidation of the phenol group of the tyrosine 
molecule were complicated by the amino group 
and that perhaps the presence of the latter con- 
tributed to the variability of the results. Further 
tests, therefore, were made using N-free sub- 
strates—in particular, phenol and p-cresol. In 
these experiments both crude potato juice and 
partially purified mushroom enzyme were used. 

In the absence of serum an induction period was 
always observed with phenol and p-cresol as sub- 
strate. The oxidation of the former was somewhat 
more rapid, that of p-cresol very much faster, than 
that of tyrosine, in agreement with reports in the 
literature (8, 9). In order to obtain comparable re- 
action rates, the enzyme concentrations were ad- 
justed to correspondingly lower levels. The prod- 
ucts of the oxidation of phenol were red, those of 
p-cresol yellow, and neither of these solutions be- 
came brown or black in the end, as was the case 
with tyrosine. In the presence of normal serum or 
plasma the kinetics of the reaction with phenol or 
p-cresol as substrates were appreciably different 
from those using tyrosine and were also more com- 
plex, since both the induction period and the rate 
of the reaction proper were modified. 

A number of experiments was made comparing 
normal and cancer serum, with phenol or p-cresol 
as substrates. The results again were disappoint- 
ing, showing even more variability than those in 
which tyrosine had been used. No correlation 
between reaction rate and malignancy was 
demonstrabie. 


MODIFICATIONS CONCERNING 
INORGANIC SALTS 


Following a suggestion of Dr. D. Appleman, a 
small amount of powdered CaCQ; was added to 
the freshly prepared enzyme solutions, and, after 
a period of approximately 10 to 20 minutes, the 
excess of CaCO; was removed by centrifugation. 
This treatment had primarily the following two 
results: (a) The enzyme was significantly acti- 
vated, so that less enzyme solution was needed for 
the tests, and (b) the pH of enzyme solutions 
treated in this way was much closer to the point of 
neutrality, at which the tests were usually run. 
But, as far as the differentiation of normal and 
cancer bloods was concerned, the treatment of the 
enzyme solution with CaCO; had no significant 
effect. 

The pH of the test solution was kept near 7.0. 
Both phosphate and veronal buffers were used at 
varying concentrations. Another series of experi- 
ments was made in the absence of buffer, the pH 
being adjusted with NaOH and HCl. In general, 
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the reaction rate seemed to be little influenced by 
the anions used. Of the cations tested, Nat ap- 
peared to inhibit, but K+ and Cat+ to stimulate, 
the oxidation of tyrosine. This observation is in 
agreement with findings made by Dr. Appleman 
(10). Regarding the distinction of normal und 
cancer samples, veronal buffer was superior to 
phosphate buffer; considering the groups sum- 
marized in Table 4, the only two series with a 
statistically significant mean difference in rates 
were those in which veronal buffer and plasma 
were used (groups 2 and 5). But the results were 
not consistent enough for a clinical test. 


MODIFICATIONS CONCERNING THE 
BLOOD SAMPLE 


Comparison of serum and plasma.—The effects 
of serum and plasma on the tyrosinase system 
were compared, using partially purified potato 
enzyme. Plasma was obtained from heparinized 
blood.* The results shown in Table 4, groups 5 
and 6, indicate that with plasma the mean differ- 
ence between the rates of normal and cancer 
samples was statistically significant but relatively 
small (11 per cent of the mean rate for normal 
plasma), while with serum no significant effect was 
observed. But even in the plasma group, a number 
of cancer samples failed to inhibit the reaction as 
compared to normal plasma, as mentioned above. 

Effects of deproteinized blood filtrates.—It was 
not known which plasma fraction contained the 
substance(s) responsible for the phenomenon. On 
the chance that the principle in question was not a 
protein, the protein fraction was removed by pre- 
cipitation and the deproteinized filtrate tested for 
its effects on the tyrosine oxidation. Two different 
procedures were used for deproteinization; in the 
first series, 3.5 volumes of “‘acid tungstate” (11) 
were added to 1 volume of plasma or serum; in the 
second series, whole blood was deproteinized by 
means of adding 4 volumes of 10 per cent tri- 
chloracetic acid. In each case the precipates were 
removed by filtration, and the filtrates were 
neutralized and added to the test solution under 
the conditions outlined above. Partially purified 
potato enzyme was used, with tyrosine as sub- 
strate. 

A small number of tests was made, using 
tungstic acid filtrates; the results were disappoint- 
ing. A larger series of blood samples was tested, 
using trichloracetic acid filtrates of whole blood. 


’ Since commercial heparin solutions contain preservatives 
which interfere with the test (e.g., phenol), a powdered heparin 
preparation free of preservatives was used, for which I am 
much obliged to Dr. B. J. Brent, of Roche-Organon. 


a a 


The value for (Nor — [ca) was agatn small (6 per 
cent of the mean rate for normal samples) and 
statistically not significant (Table 4, group 7). 

Effect of red ceils.—Since, in several instances, 
the serum samples showed an appreciable degree 
of hemolysis, the influence of hemolyzed red cells 
alone was investigated. Red cells were obtained 
from heparinized samples of both human and 
rabbits’ blood, washed with saline, and then 
hemolyzed by dilution with distilled water. For the 
tests, varying amounts of the clear solution were 
added to the tyrosinase system. The results of 
these experiments may be summarized as follows: 
(1) The effects of hemolyzed red cells from normal 
blood samples were not significantly different from 
those of cancer blood samples. (2) The effects of 
hemolyzed human red cells were similar to those 
of hemolyzed red cells derived from rabbits’ blood. 
The influence on the kinetics of the reaction was 
complex and varied greatly with the nature of the 
enzyme preparation and substrate used. 


CONCLUSIONS AND SUMMARY 


The effects of normal and cancer blood on the 
aerobic oxidation of tyrosine in the presence of 
tyrosinase were investigated as a test of malig- 
nancy, as recently suggested by Hirshfeld et al. (1). 
No unequivocal distinction between normal and 
malignant sera was possible under the experimen- 
tal conditions proposed by these investigators. 
The reason for the disagreement between their 
results and those reported above is not known. 
Stadie et al. recently also reported a series of ex- 
periments in which the effects of normal and 
cancer sera on the tyrosinase system were studied, 
precisely following Hirshfeld’s procedure (12). 
Essentially in agreement with our findings, these 
authors observed no correlation between malig- 
nancy and inhibition of the tyrosinase activity. 
When, however, in the results reported above, the 
average values of larger groups of experiments 
were considered, a small but statistically sig- 
nificant difference between the effects of normal 
and cancer sera was observed in one of three 
series, and a slight, if not significant, trend in the 
same direction was noted in a second group. In 
view of these observations, attempts were made to 
improve the reliability of the method by varying 
experimental conditions. 

The experimental variations concerned: (1) the 
physical conditions, such as temperature, light, 
shaking, etc.; (2) the enzyme preparation; (3) 
the substrate; (4) the reaction medium (buffers, 
inorganic salts); (5) the blood sample. An unequiv- 
ocal distinction between normal and cancer 
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blood was not possible under any of the experimen- 
tal conditions examined, although appreciably 
purer, more stable, and more active enzyme 
preparations were used. 

When average values for larger groups of tests 
were considered, however, a trend in the direction 
suggested by Hirshfeld et al. was noted in several 
series. This trend was very small, and it was 
statistically significant in only 2 of 7 groups, i.e., 
when plasma, partially purified potato enzyme, 
and veronal buffer were used with tyrosine as 
substrate. 

It is not known whether the small trend ob- 
served in some of the experimental groups is an 
artifact or whether it is due to a real phenomenon 
obscured by interfering factors of an unknown 
nature. 
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Splenic Lymphosarcomas in Rats Bearing Intrasplenic 


Implants of Butter Yellow” 


ELIZABETH LOWENHAUPT, M.D. 


(From the Division of Pathology, University of California Hospital, San Francisco 22, California) 


Hepatic cellular changes produced by oral ad- 
ministration of p-dimethylaminoazobenzene (but- 
ter yellow) associated with variations of other 
dietary constituents have been extensively studied 
of late (3, 9, 15, 16, 21, 22, 23, 24, 25), and recent 
investigations indicate that neoplasms so induced 
are related to hepatic cellular changes in enzyme 
activity (12). Although liver cells are concerned 
primarily in the metabolism of butter yellow and 
related compounds (15), they alone with dietary 
administration are exposed to high concentrations 
of it. Thus it seems of interest to report abnormal 
growth in cells of another tissue exposed over long 
periods to high concentrations of p-dimethylami- 
noazobenzene. 


MATERIALS AND METHODS 

Thirty-eight rats (total from 40 surviving into 
the experimental period), weighing at the start 130 
to 170 gm., form the basis of this report. Twenty- 
eight of these received pellets of butter yellow in 
the spleen, using the technic first developed by 
Mark and Biskind (19).! These pellets weighed be- 
tween 17 and 27 mg. at the start, most in the neigh- 
borhood of 20 mg. Following operation, these 28 
animals, together with 10 controls of similar 
weights but without splenic implants, were placed 
on the following diet: casein 10 per cent, sucrose 
75 per cent, vegetable oil 8 per cent, salt mixture 
4 per cent, cod-liver oil 2 per cent, and wheat-germ 
oil 1 per cent. To each kilogram of diet the follow- 
ing supplements were added: thiamine chloride, 
inositol, and paraminobenzoic acid, 40 mg. of 
each; riboflavin, pyridoxine hydrechloride, and 
calcium pantothenate, 20 mg. of each; nicotinic 
acid 50 mg.; and choline chloride 500 mg. Butter 
yellow (0.6 gm. per kilogram of diet), dissolved by 
gentle heat in the vegetable oil, was added to the 
diet given to half of the pellet-bearing animals and 
half of the controls.” 


* Aided by a grant from Christine Breon Fund for Medical 
Research. 

! The author is indebted to Dr. G. R. Biskind, Mount Zion 
Hospital, San Francisco, for preparation of these pellets by 
compression. 


Ten animals in all were sacrificed at intervals up 
to 345 days, when 6 were killed. Three more were 
killed up to 461 days, when the remaining 19 were 
sacrificed. For the most part, the weight of the ani- 
mals had continued to rise up to about 400 days, 
when a plateau at 450 to 550 gm. had become evi- 
dent and persisted to the end of the experiment. 


RESULTS 

In the liver, only two tumors were observed, 
both at 461 days and both tiny cholangiofibromas 
(24). At this time nuclear changes of the type de- 
scribed by Opie (25) were observed in hepatic 
cells. However, no hepatomas occurred. This 
negative finding will be discussed below. 

Changes associated with a pellet of oil-soluble 
material in the spleen can be divided into four 
groups, the distinction between groups 2 and 3 be- 
ing quite arbitrary and that between 3 and 4 being 
dependent on remote organ changes. Only the 
first group is shown to be due directly to this for- 
eign material. However, none of the control ani- 
mals showed splenic changes at all suggestive of 
the other groups, and it seems justified to assume 
this relationship, even though the chronology of 
these changes is not strictly sequential. The groups 
are as follows. 

Group 1.—A foreign-body reaction to the sub- 
stance of the pellet was noted. In some spleens 
there apparently was considerable necrosis, with a 
dense fibrous wall about the area, in which there 
was much calcium deposited. This reaction did not 
seem to be associated with further changes, and 
the foreign material was not found in the spleen 
beyond the capsule itself. This is shown in Fig. 1. 
In other cases the reaction was of a more pro- 
gressive type. That is, even after many months 
the process seemed to be extending, and no 


2 This addition to the diet was made as part of another ex- 
periment. However, since no hepatic tumors occurred to limit 
the duration of the experiment and since the splenic changes 
occurred independently of the dietary butter yellow, apparent- 
ly representing a local reaction, these two groups are not 
further considered—the two groups considered being those 
with splenic implants and the controls without. 


121 








122 


Cancer Research 





dense capsule was formed. In these cases there 
was an epithelioid and mononuclear cell response 
which formed distinct tubercles, identical histo- 
logically with the proliferative tubercle of tu- 
berculosis. Here giant cells were formed, histo- 
logically of the Langhans type, and they were 
surrounded by epithelioid cells and a few fibro- 
blasts. This sort of tissue formed a rim about 
the pellet, but the material did not seem to be 
confined to this area. Subsidiary tubercles were 
found removed from the chief pellet mass, and, ex- 
tending through the wall of the primary mass and 
out into these tributary tubercles, mononuclear 
cells were found containing granules of yellow- 
brown pigment, presumably butter yellow. Some 


ee 


shown in Fig. 2. The identity of these cells is dis- 
cussed by Krumbhaar (18) and will be considered 
below. 

Group 3.—Distinct nodules, presumably neo- 
plastic, of this perifollicular tissue, with sharp bor- 
ders from surrounding normal spleen, were seen in 
three instances. The distinction between this and 
the preceding group, to be sure, is quite arbitrary 
and is made on the basis of invasion and replace- 
ment of lymphoid follicles by this tissue, so that 
only scattered foci of mature lymphocytes remain 
to mark the site of the former follicle. The cells and 
the appearance of the nodules in the spleen were 
identical with one tumor of group 4, which metas- 
tasized. One of these spleens was approximately 





Fic. 1.—Changes classified as group 1. These are direct 
mesenchymal reactions to the oil-soluble material of the pellet. 

Fic. la.—Fibrotic reaction at 345 days with spread of 
butter yellow beyond the connective tissue capsule. 160. 
H and E stain. 


Fic. 1b.—Proliferative granulomatous response at 40 days, 


of this, often in considerable amount, was found in 
the near-by tissue. These features are shown in 
Fig. 1. 

Group 2.—A second group of changes, seen in 
the neighborhood of pellets producing the diffuse 
reaction described in group 1, consisted of a hyper- 
plasia (or at least an increase in width of this zone) 
of cells in the perifollicular envelope (18) (Fig. 2). 
It might be thought that this represented the non- 
specific change seen, for example, with Salmonella 
infections in the rat (8). However, there was none 
of the focal hemorrhage and necrosis seen with that 
disease, and the spleens were not grossly enlarged. 
Also, in many instances this change was restricted 
to the area of the pellet. As the process became 
quite extensive, wide zones of this tissue coalesced 
to obliterate the red pulp in this area and to sur- 
round lymphoid tissue of the follicle areas. This is 


extending from a connective tissue capsule (above) into the sur- 
rounding spleen. X80. H and E stain. 

Fic. 1c.—The same reaction showing the epithelioid nature 
of the cells. X 160. H and E stain. 

Fic. 1d.—A “‘tubercle”’ at 461 days found beyond the limits 
of the capsule about the pellet. 320. H and E stain. 


one-third enlarged and was found at 461 days; the 
other two grossly within usual limits were found at 
365 and 461 days. These are seen in Figs. 4 and 5. 

Group 4.—Two metastasizing splenic sarcomas 
occurred—one found at 446 days, the other at 461 
days. The former spleen was not distinctly en- 
larged, microscopically resembling group 3. Scat- 
tered minute metastases, however, were found in 
the liver. This is shown in Figs. 6, 7, and 8. The 
other spleen weighed 27 gm. (usual weight about 
2 gm.), and tumor tissue extended from the spleen 
into surrounding structures. Lymph nodes were 
diffusely enlarged, and these, as well as liver, kid- 
ney, and skeletal muscle (diaphragm), contained 
tumor masses. This is shown in Figs. 9, 10, and 11. 

The cells of these two tumors, as well as those 
of the previous groups, are essentially simular. 
They are large, 20 to 30 u in diameter, with rather 
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Fic. 2.—Spleen of a control rat with a Malpighian corpuscle 
surrounded by a narrow perifollicular zone, well defined from 
the surrounding red pulp and from the lymphoid tissue of the 
corpuscle. X215. H and E stain. 

Fic. 3.—Changes in the spleen classed as group 2, seen here 
at 365 days. Wide, coalescing areas of cells, resembling those 
of the perifollicular zone, replace these zones and replace the 
ted pulp. They surround intact lymphoid centers. 160. 
H and E stain. Insert: The same spleen to show the extent of 
this tissue. X80. 
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Fic. 4.—Changes classed as group 3, 461 days. The whole 
field is formed by these large, pale-staining cells, which extend 
irregularly into the borders of lymphoid centers, remnants of 
which are seen in the central area. X 215. H and E stain. 

Fic. 5.—Group 3 changes, again at 461 days (a second 
spleen). This shows a remnant of a Malpighian corpuscle and 
its central arteriole, invaded irregularly by proliferating cells. 
The tissue shown here and in Fig. 4 is considered neoplastic, 
since it shows intrasplenic invasion and since the cells are 
identical with those of the tumors shown below, which formed 
remote metastases. 430. H and E stain. 
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scant to moderately abundant cytoplasm. This 1s 
uniform, rounded, and does not contain granules 
with Giemsa staining; nor are phagocyticized par- 
ticles demonstrated in it. The nuclei are quite 
large, with a fairly prominent nuclear membrane. 
Most are round, some are indented or folded to 
form two coarse lobes. Chromatin is in delicate to 
fairly heavy bars. Each nucleus has from one to 
three large and prominent nucleoli. Mitotic figures 
are rather frequently seen. These cell character- 
istics are shown in Figs. 7 and 9. 


DISCUSSION 


Spontaneous lymphoid tumors of the spleen are 
not recorded in a large series of rat neoplasms (2, 4) 
and have not been observed in this present colony 
of Long-Evans strain. Likewise, these tumors are 
not described with oral administration of butter 
yellow (23) or with 10 per cent casein diet (9). 
These facts, together with the observed local reac- 
tion to this substance, make it seem probable that 
continuous local application of butter yellow for a 
prolonged period is responsible for the final ap- 
pearance of these neoplasms. 

The identity of the cell of these tumors cannot 
be determined with certainty from this material. 
The cells arise in the perifollicular envelope, which, 
as Krumbhaar (18) points out, contains a prepon- 
derance of large pale cells, most probably young 
lymphocytes, though cells of the monocytic or 
myeloid series cannot be excluded. The cells of these 
tumors seem most to resemble young lymphocytes, 
and the tumor thus appears to fall into the group 
classified by Gall and Mallory (7) as lymphoblastic 
lymphoma. 

Kirschbaum (17) considers lymphosarcomas in 
the rodent to be a closely related manifestation of 
lymphatic leukemia, which latter disease has been 
extensively studied and induced in susceptible ani- 
mals in a variety of ways (17). However, this close 
neoplastic relationship may or may not prove to 
be the case (5). Leukemia, probably of monocytic 
type, together with a variety of local neoplasms, 
has been induced in mice by intrasplenic injection 
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Fic. 6.—Changes called group 4: a lymphosarcoma of the 
spleen. This was found at 446 days and here shows a few groups 
of mature lymphocytes, remnants of Malpighian corpuscles. 
This spleen was not grossly enlarged. Metastases of the tumor 
occurred in the liver. X320. H and E stain. 

Fic. 7.—Cell detail of the tumor shown in Fig. 6. These 
are large cells with abundant cytoplasm, free of granules (with 
Giemsa stain) and of inclusions. No reticulum is formed by 
these cells. Nuclei are round or folded with prominent, large 
nucleoli. Mitoses are seen fairly often. X860. H and E stain. 

Fig. 8.—A nodule in the liver from the splenic tumor shown 
in Fig. 6. < 160. H and E stain. 
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of carcinogenic hydrocarbons (1, 6). Likewise, 
methylcholanthrene has been shown. to reduce the 
latent period in mice susceptible to spontaneous 
leukoses (20). However, a survey of literature (11) 
shows distinct lymphosarcomas of one organ to 
have been produced but rarely. These are discussed 
by Kaplan (13, 14), who induced these tumors in 
the thymus by x-ray and, with removal of the 
thymus, in the spleen later in life The significance 
of the unicentric origin of this tumor in contrast to 
the diffuse origin of leukemic processes is discussed 
by Kaplan. 

It might be objected that the splenic lympho- 
blastic reaction represents part of a local inflam- 
matory and foreign-body reaction and is not a dis- 
tinct neoplasia. However, the neoplastic property 
of this tissue is demonstrated, first, by invasion of 
the diaphragm in 1 rat, and second, by metastasis 
in 2 cases, one to liver and the other to liver, kid- 
ney, and lymph nodes. 

Then, having conceded the neoplastic and in- 
vasive properties of the tissue, we might still argue 
that this is actually a tumor of liver cells, the he- 
patic cell masses being primary, rather than metas- 
tases from the spleen. It might be objected that 
this is produced by direct action of butter yellow 
on hepatic cells, reaching the liver by portal flow 
from dietary source or from the spleen, where it is 
taken up by macrophages and so reaches the 
splenic vein. However, this concept is contra- 
dicted by several points. First, a distinct splenic 
mass was present, grossly in 1 case and microscopi- 
cally in 4. In 1 this tumor invaded the diaphragm 
above the spleen. The mass in all 5 cases was com- 
posed of a uniform cell type: a young lymphocyte. 
Second, the tumor tissue in the liver consisted of 
this same young lymphocyte, which is not a type of 
cell produced by hepatic or bile duct neoplasia but 
is consistent with splenic origin. Third, these tu- 
mor nodules were widespread within the liver, in 

3'Two of the animals of group 3, that is, with splenic neo- 
plasia without metastasis, received no butter yellow by mouth. 
The remaining animal of this group and the 2 animals of group 


4, that is, showing splenic neoplasms with metastases, received 
butter yellow by mouth as well as by local implant. 


Fic. 9.—A small part of the splenic tumor, group 4, a 
lymphoblastic lymphosarcoma, found at 461 days. This spleen 
weighed 27 gm. Metastases were widespread. Cell structure is 
similar to that of Fig. 7. 860. H and E stain. 

Fic. 10.—A portion of the tumor in the kidney. 320. H 
and E stain. 

Fic. 11.—A portion of the liver in the animal shown in 
Figs. 9 and 10. This shows infiltration of the portal areas and, 
in addition, widespread distribution throughout the liver 
parenchyma. The cells are identical with those of the splenic 
mass, that is, young lymphocytes. X 160. H and E stain. 
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distribution resembling a metastatic rather than a 
primary tumor. Fourth, the same tumor tissue in- 
volved lymph nodes generally in 1 case and the 
kidney, an organ in which it was obviously meta- 
static. Fifth, supporting evidence is drawn from 
the similar appearance and similar metastatic dis- 
tribution of those lymphosarcomas in mice de- 
scribed by Kaplan (14) and produced by quite dif- 
ferent experimental procedure. 


SUMMARY 


Five neoplasms of the spleen, classified as 
lymphoblastic lymphosarcomas, occurred among 
28 rats bearing intrasplenic pellets of p-dimethyl- 
aminoazobenzene, none occurring in the controls. 
Two of these tumors had metastasized at the time 
that the animals were sacrificed, the last after 461 
days. The local tissue reaction and the cells in- 
volved in the consequent neoplastic growth are 
described, and the significance of this process in the 
nature of lymphosarcoma is discussed. 
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Cold Spring Harbor Symposia on Quantitative Biology, 
Vol. XII. Cold Spring Harbor, L.I., New York: Bio 
logical Laboratories, 1947. 


The Biological Laboratory at Cold Spring Harbor 
continues its annual publication of its high-quality 
symposia on topics of biological interest with this new 
volume. The current volume is devoted to nucleic acids 
and nucleoproteins and contains some twenty-five 
papers by leading authorities on important aspects of this 
subject. The discussion is pitched for the expert in the 
field. The biochemistry is limited to a discussion of 
controversial issues in this complex subject. Most of 
the papers concern themselves with the relation of 
various forms of nucleic acids to the function of the cell. 
Considerable space is given to the interrelation of 
nucleoproteins and nucleic acids to the properties of 
bacteria, viruses, and phage. The volume is of timely 
interest to those who wish to pursue the manifold rami- 
fications of this difficult subject in all its fine branches. 





Advances in Enzymology and Related Subjects of Bvro- 
chemistry, Vol. VIII. Edited by F. F. Norp. New 


York: Interscience Publishers, Inc., 1948. 


The eighth volume of Advances continues at its usual 
high level. The chapter on the functioning of the cyto- 
plasm by Monne discusses the detailed structure of 
cytoplasm, including chromidia, cytoplasmic fibrils, 
mitochondria, and Golgi bodies in relation to such func- 
tions as catabolic activity, contractility, motility, and 
permeability. Heidelberger presents a comprehensive 
article on the quantitative studies of complement, dis- 
cussing the rigorous application of microanalytical 
methods to the study of the baffling complement com- 
plex. Chaikoff and Enteman give a review of the im- 
portant and interesting subject of the present status of 
the antifatty-liver factor of the pancreas, including a 
discussion of its preparation and mechanism of action. 
Of interest to the pharmacologist is the study of Daw- 
son on alkaloid biogenesis. The cycle which destroys the 
most abundant organic compound in nature—cellulose 
—by microérganisms is presented at length by Nord 
and Vitucci. Three sections are devoted to the chemistry 
of fats. One by Kleinzeller on the synthesis of lipids—a 
subject of increasing interest now that the intermediary 
metabolism of fatty acid is beginning to be better un- 
derstood. A second section is by Breusch on the bio- 
chemistry of fatty acid catabolism. Emphasis is upon 
the recent in vitro studies of fatty acid intermediary 
metabolism, with special discussion of the catabolism of 
the two-carbon fragment resulting from the oxidation 
of fatty acids. There is also included an attempt to 
formulate a comprehensive theory of the known 
mechanisms of enzyme action on fatty acids involving 


sterometric concepts. The recent renewal of interest in 
lipoxidase and auto-oxidation of fatty acids is fur- 
thered by a third section by Bergstrom and Holman 
devoted to this subject. The concluding chapter is by 
Zeller and is devoted to enzymes of snake venoms and 
their biological significance. Here is included discus- 
sions of cholinesterase, hyaluronidase, and proinvasin— 
all topics of timely interest. 





C. O. Jensen, Selected Papers. First Volume, 1886-1908. 
Edited by M. CuristTIANsSEN and H. O. Scumir- 
JENSEN. Copenhagen: Einar Munksgaard, 1948. Pp. 
681+14 illus. 


Carl Oluf Jensen (1864-1934) is best known to Eng- 
lish-speaking readers for his pioneer work in experimen- 
tal cancer, accomplished around the turn of the 
century. In this first of two volumes of selected studies, 
six of the thirty-seven articles are on cancer, but there 
are also six on tuberculosis and eight on the typhoid- 
colon group. These two groups and the remaining seven- 
teen articles on various bacteriological subjects reflect 
Jensen’s enduring activity at the Royal Veterinary and 
Agricultural College. Of the thirty-seven articles se- 
lected, twenty-four are in German; the other thirteen 
(including two of the cancer group) have been trans- 
lated from the original Danish into English for publica- 
tion in this book. 

‘‘Selected papers” of eminent scientists, as a rule, are 
useful tools. Especially is this so in the case of transla- 
tions of Scandinavian and Slavic articles, so that this 
volume should be a welcome addition to a cancer 
library. 





Fundamentals of Immunology. By Wiiu1aAM C. Boyp. 
2d ed. New York: Intersceince Publishers, Inc., 1947. 
Pp. 503+50 illus. $6.00. 


The second edition of this universally accepted 
standard introductory text in immunology has retained 
in their entirety all those outstanding features of presen- 
tation and organization that characterized the original 
work. The two most notable improvements in its organ- 
ization are the addition of an excellent summary at the 
end of each chapter and the elimination of passages in 
small type, with retention of all the essential subject 
matter originally contained in these. The bibliographies 
at the ends of chapters have been brought more nearly 
up to date and continue to provide a very broad cover- 
age of fundamental source material. 

As is to be expected in a revision of a work on a sub- 
ject of this sort, where most of the elementary basic 
principles were elucidated prior to publication of the 
first edition, not a great deal of new material has been 


127 





128 


Cancer Research 





added, though much of the old material has been 
worked over and re-written in the light of more recent 
experimental data. One important addition of new ma- 
terial is a thoroughgoing discussion of the Rh antigen 
and all its medical implications. Mention is also made 
of such recent advances as the methanol precipitation 
method of purifying bacterial toxins and the use of 
ultraviolet irradiation for inactivation of various virus 
vaccine preparations. 

This book can be highly recommended as collateral 
reading for all graduate students in the medical sciences, 
medical and veterinary students; and, while it was 
written primarily as an introduction to the subject of 
immunology, its wealth of basic material and its com- 
prehensive bibliographies make it a valuable reference 
work for the more advanced student of immunology as 
well. 





Submicroscopic Morphology of Protoplasm and Its De- 
rwatives. A. Frey-Wyssling. Translated by Dr. J. J. 
Hermans (Gronigen, Netherlands) and Miss M. 
HOLLANDER (Selborne, England). New York, Amster- 
dam, London, and Brussels: Elsevier Pub. Co., Inc., 
1948. Pp. 236+161 illus. $6.00. 


This represents a new edition of the author’s Sub- 
microscopic Morphologie des Protoplasmas und seiner 
Derwats, published in 1938. There has been a complete 
revision, bringing the material up to date with advances 
in this field. The work is presented in three parts. The 
first section surveys such methods as x-ray patterns, 
anistropy of swelling, polarization microscopy, and elec- 
tron microscopy. The second section summarizes our 
present knowledge of the submicroscopic structure of 
cytoplasm, nucleoplasts, and erythrocytes. The third 
section discusses specialized derivatives of protoplasm, 
such as cell walls, silk, horn, sinews, muscle, and nerve. 

In the author’s Foreword he emphasizes that the 
“book is written not for specialists, but for students 
who are attracted towards this interesting field of re- 
search.” 

This is a well-written and nicely organized mono- 
graph that does not intend to be exhaustive. Rather, it 
is stimulating through the problems presented and left 
unanswered. The field of electron microscopy is ade- 
quately covered but is not presented as a complete re- 
view of the method or of the results obtained with it. 
The author stresses that the older, more indirect meth- 
ods must be treated as equivalent means of research 
and that the polarizing microscope and x-ray camera 
are more accessible to the average biologist than is the 
electron microscope. 


This volume is a valuable addition to the literature 
on the submicroscopic morphology of protoplasm, a field 
that is rapidly progressing and one that holds tre- 
mendous promise. 





Bilharzial Cancer: Radiological Diagnosis and Treat- 
ment. By Manumoup AHMED Artri1, M.B., Ch.B. 
(Cairo), M.R.C.S. (England), L.R.C.P. (London), 
D.M.R.E. (Cambridge); former director of the 
Radiological and Electro-therapeutic Departments 
of the Egyptian Government Hospital, Alexandria. 
London: H. K. Lewis & Co., Ltd., 1948. Pp. 111+60 
illus. Cloth. 


This book deals with the possible carcinogenic role of 
bilharziasis and the diagnosis and treatment of bil- 
harzial cancers. It is of interest to clinicians, especially 
radiologists, urologists, and surgeons. All persons think- 
ing about the causation of cancer should find the first 
part extremely interesting. In Egypt many rural 
dwellers are infected with blood flukes (Schistosoma), 
and some exhibit clinical bilharziasis. In some of the 
organs so infected, cancer is common, and many of the 
cancers show ova of the parasite. Such evidence as exists 
for an etiologic relationship between bilharziasis and 
cancer is statistical and inconclusive. The evidence is 
best for bladder and rectal cancer. Some organs which 
show much bilharziasis have little cancer in Egypt. 
Reviewers rarely suggest that a book should be en- 
larged; but this monograph would profit by the addition 
of control data on schistosomiasis in other diseases of 
the bladder, rectum, and colon and in other tissues. The 
relationship of parasite to tumor is worthy of further 
study. 
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